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PREFACE. 


L  HERE  IS  fcarcely  a  more  difficult  talk  than  to  convey  an  adequate  notion  of  a  plan  of 
fbmc  extent,  within  the  limits  of  a  (hort  difcourfe.  Whatcrer  may  be  die  promifes,  the 
hopes,  or  the  intentions  of  an  Author  or  Editor^  the  worlds  as  in  juftice  k  ought,  will  fuf- 
pend  its  judgment  till  the  a£lual  performance  fhall  afford  the  knowledge  which  is  indif- 
penfable  for  that  purpofe.  Correfpondents  will  arrange  for  themielves  fuch  materials  as 
they  think  fit  to  publiOi,  without  committing  to  memory  any  of  the  outlines  which 
authors  of  Journals  may  have  drawn  up.  For  thefe  reafons,  little  more  need  be  faid 
ceming  the  plan,  than  is  prefented  in  the  title-page.  Whatever  the  a£Hvity  of  mejK>f 
fcience  or  of  art  may  bring  forward,  of  invention  or  improvement,  In  any  country  or  naSn, 
within  the  pofliblllty  of  being  procured,  by  means  as  refpe£lable  as  the  motives  that  caMfbx 
them,  (hall  appear  in  this  Journal ;  either  la  the  form  of  ihort  notices,  or  the  full  defcrip-  / 
tions  of  their  refpeflive  authors,  or  the  more  ample  report  deduced  from  a£lual  vifitation 
and  enquiry.  1  he  relative  magnitude  of  each  objc£l  will  eftablifli  the  rule  from  which  ' 
either  of  thefe  modes  will  be  adopted.  Arrangements  have  already  been  made,  ch^nilfe  of 
cbmmunication  opened,  and  other  correfpondences  are  In  profpe£l,  which  muft  in#^Ei.  Ih 
value  and  extent,  proportionate  to  the  Importance  and  curlofity  of  the  fubjedls  &|M^dil^ 
played  in  this  work,  and  the  impartiality  and  care  with  which  they  (hall  be  treated'     ;-  ' 

In  a  former  Addrefs  to  the  Public  the  Author  has  mentbned  the  advantages  in  regard  to^ 
accuracy  and  fidelity  which  he  apprehends  muft  refult  from  the  condudor  of  a  work  of 
this  nature  becoming,  m  a  certain  degree,  re(ponfible  by  name  for  its  contents  :  he  has 
alluded  to  the  general  tenor  of  his  purAiits,  as  known  to  the  Public,  and  in  fome  refpeA 
qualifying  him  to  engage  In  fuch  a  ta(k ;  and  he  has  deprecated  the  fuppoGtIon  of  any  vain> 
pretence  to  fuperiority,,by  remarking,  that  no  one  could  ferve  the  Public  In  this  way  if  he 
were  to  wait  with  the  abfurd  hope  of  firft  bringing,  his  own  knowledge  to  a.ftate  of  per* 
fe£Vion.    This  is  all  that  need  be  faid  relating  to  himfelf. 

The  leading  charaflex  on  which  the  feleAion  pf  obje£ls  will  be  grounded  tis^  utility ;  and 
next  to  this,,  novelty  and  originality.  The  Author's  refearches  and  coUeftions,^  and  tKofe  of 
his  friends>  will  afibrd  a  confiderable  portion  of  new  and  curious  matter,  fufficient  to  ren- 
der the  work  interefting,  even  to  that  extreme  few  who  are  fo  fortunate  as  to  have  accefs 
to  all  the  expanded  fources  of  philofophical  Intelligence.  But  in  the  department  of  perfe£Uy 
original  matter,  much  of  prudence  i&  required  to  beexercifed,  in  order  that  the  claim  of  no* 
velty  may  not  operate  to  the  exclufion  of  much  more  valuable  and  important  fubjeds.  It  Is 
certain  that,  if  every  article  in  a  journal  of  fcience  were  to  be  profefledly  original  *,  It  would 
be  a  work  of  comparatively  much  lefs  value  to  Philofophers  and  the  Public.  Such  a  plan, 
would  in  a  great  meafure  defeat  the  attempt  to  convey  the  beft  difcoveries  of  our  cotem- 
poraries  In  the  moft  authentic  manner,  namely,  in  their  own  words.    And  \dien  we  refleA 

*  Le^visV  Philofophical  Commerce  of  Arts,  and  various  other  publicatioDi  of  inferior  note,  have  failed  of  pub* 
lie  fupfOft,  diicRy  from,  this  drcumftaocc  in  their  plan. 
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on  the  very  limited  circulation  of  academical  Tranfaftions,  from  their  price,  their  number, 
their  extent,  diftance  of  publication,  difference  of  language,  labour  of  perufal,  and  the  effbrtR 
of  mental  abridgment,  it  is  alfo  certain  that,  from  one  or  other  of  thefc  caul'cs,  even  the 
bed  memoirs  they  contain  mud  continue  unknown  to  a  very  large  clafs  of  men  of  fcicnce. 
Under  the  impreflion  of  thefc  truths,  while  no  exertions  will  be  fpaied  to  obtain  immediate 
original  information,  concerning  any  objeft  prcfcntcd  to  the  world  in  this  collection,  the  aim 
at  originality  mull  neverthclefs  be  fubordinate  to  the  lefs  eafy  but  more  efleutial  requifites 
of  public  utility  and  Intcrefling  refcarch.  Whenever,  in  the  progrcfs  of  inveiligation,  dif- 
co%'eries  thus  buried  from  the  knowledge  of  the  world,  Ihall  prcfont  themfelves,  the  rational 
plan  of  a  public  journal  will  require  them  to  be  brouglit  forward,  though  years  may  have 
clapfed  fince  their  firft  publication.  It  would  be  e^fy  to  exhibit  a  numerous  catalogue  of 
errors  retained  in  the  works  of  authors  of  the  firll  eminence,  from  the  want  of  fuch  general 
communication. 

After  this  ihort  account  of  the  materials,  it  might  be  expefted  that  fomething  (hould  be 
faid  of  tlie  manner  in  which  this  Journal  is  to  be  condufted.  On  this  occafion  it  would 
not  be  difficult  to  point  out  imperfections  in  the  works  of  others,  and  promife  to  avoid  them ; 
or  to  enumerate  the  various  requifites  which  ought  to  chara£terifc  the  journalid  of  ability 
and  integrity,  and  promife  to  exert  them.  Such  fpecific  engagements  may  have  their  value, 
and  arc  probably  entered  into  with  great  Cncerity,  But  it  appears  more  natural  and  eafy  to 
leave  every  individual  of  principle  and  underftanding  to  imagine  what  ought  to  be  done. 
As  the  events  prefent  themfelves,  the  proper  mode  of  conduft  will  itfclf  (land  forward 
and  leave  no  caufe  for  hefitation. 

Yet,  while  the  Author  himfelf  avows  the  decided  purpofe  of  exhibiting  his  fources  of 
communication  in  the  mod  unrcferved  manner,  it  is  no  lefs  proper  that  he  fliould  pay 
every  attention  to  the  rights  of  others.  He  will  never  take  upon  him  to  decide  for  another, 
how  far  he  fhall  or  ihall  not  come  forward  as  the  author  of  any  communications  he  may 
receive,  and  ftill  lefs  will  he  dare  to  infringe  that  firft  and  moft  facrcd  property  which  men 
hold  in  the  produfts  of  their  own  underftanding.  ♦It  is  not,  in  his  opinion,  for  any  man  or 
fct  of  men  to  decide  what  are  the  cafes  of  moral  obligation  in  an  iifventor  to  communicate 
his  difcoveries,  or  his  private  arrangements  in  bufinefs.  Philofophcrs,  manufafturcrs, 
and  others,  may  therefore  reft  afliired,  that  he  will  publifh  no  communications  he  may  ac- 
quire cither  in  converfation  or  othcrwife,  nor  mention  the  name  of  any  individual  in  his 
writings ;  unlefs  the  objed  be  already  before  the  Public,  or  unlefs  he  ftiall  receive  pcr- 
milEon  direflly,  or  moft  clearly  implied,  to  that  eflfeft.  But  in  every  cafe  of  anonymous 
communication  he  will  be  careful,  according  to  the  nature  of  the  objeQ,  to  mention  the 
degree  of  credit  he  himfelf  is  difpofed  to  attach  to  the  feveral  fa£ts. 

Such  papers  as  have  no  nam/e  or  fignaturc  are  written  by  himfelf.  This  will  in  general 
appear  alfo  from  the  manner,  chiefly  with  rcfpe£l  to  the  ufe  of  the  firft  perfon  fingular. 
The  firft  perfon  plural  will  probably  be  ufed  ih  fuch  occafional  fentences  as  refer  to  the 
Author  and  the  Reader  in  the  joint  confideration  of  any  fubje£l ;  but  never  in  the  manner 
adopted  by  anonymous  writers,  to  denote  'the  concealed  individual. 
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ARTICLE  I. 

The  Principles  and  jlpplication  of  a  New  Method  of  conJlruEling  Achromatic  Tielejcopeu 

By  Robert  Blair  *,  M.  D. 

xxFTER  a  fliort  hiftorical  retrofpeft  to  the  difcoveries  of  the  unequal  rcfrangibility  of 
fight  by  Newtoiij  and  the  fubfequent  corredtion  of  its  efie^s  in  optical  inftruments  by 
Dollond,  together  with  the  remedy  which  is  afforded  in  compound  lenfes  for  the  aberration 
arifing  from  fphericityi  our  author  remarks,  that  it  was  expe£led  by  men  of  fcience  that  an 
increafe  of  the  aperture  and  power  of  the  refra£bing  telefcope  would  be  the  neceflary  confe- 
quence  of  fuch  important  fteps  towards  the  perfedion  of  its  theory.  Thefe  expe^lations 
have  not  hitherto  been  fully  anfwered :  for  it  is  certadn,  that  no  Achromatic  Telefcopes 
have  yet  been  made  of  equal  aperture  with  the  fingle  objefl-glaiTes  of  Huyghens  and  others^ 
nor  in  thb  refpe£l  comparable  to  refledlorSj  though  the  errors  of  workman(hip  are  much 
more  noxious  in  thefe  laft  than  in  lenfes. 

The  general  anfwer  made  by  artifts  to  enquiries  of  this  nature  is,  that  the  fault  lies  in  the 
miperfe£^ion  of  glafs,  and  particularly  in  the  denfe  glafs  known  by  the  name  of  flint-glafs. 

The  imperfcftion  of  glafs,  for  optical  purpofes,  arifes  partly  from  its  opacity  and  colour, 
but  chiefly  from  irregularities  in  the  refra£live  denfities  of  its  parts*  The  refearches  of 
ehemifts  and  manufa^urers  to  remove  this  defed^  have  been  confiderable,  but  hitherto 
without  much  fuccefs. 

From  the  consideration  that  it  is  not  impoflible  to  introduce  a  fluid  medium  to  fupply  the 
place  of  one  of  the  lenfes  in  the  compound  obje£l-glafs,  Dr.  Blair  was  led  to  the  experi- 
mental enquiry,  whether  nature  aflR)rded  fluids  pofTefled  of  the  requifite  qualities. 

^  The  original  paper,  from  which  I  have  made  the  ahove  abridgement  or  fele6tioa  of  part$|  is  inferted  in  the 
TranfiAdions  of  the  Royal  Society  «f  Edinburgh,  vol.  ii.    It  occupies  74  pages.    N* 
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a  Methait  ef  dittrmlning  tht  lUfrailive  and 

To  afeettain  ihi:  mean  refiaQive  and  tlifpctfive  qualiiie*  of  fluids,  tl:e  Doflor  mad*  ofc 
of  two  kinds  of  appanius.  The  Grft,  intended  to  afford  a  grofs  knowledge  of  their  pro- 
perties, confiftcd  of  an  apparatus  of  prifmi.  In  the  fccond  method,  where  the  fiuids  pro- 
mifcd  to  be  of  praflical  uft  in  Optics,  they  were  mere  critically  examined  by  means  of  lenfcs, 
in  which  the  cffefl,  from  being  magnified,  is  rendered  more  confpicuous. 

The  prifmatic  apparatus  confifts  of  a  fmalj,  equiangular,  thrce-lided  prifm,  of  brafs. 
Through  this  prifm,  and  parallel  to  one  of  its  fides,  arc  bored  two  holes,  at  a  fmall  dif- 
tancc  ffoni  each  other,  c«iuil  in  (iie  to  the  pupil  of  the  eye.  The  fulcs,  of  the  prifm  arc 
ppround  flat,  and  there  arc  two  pieces  of  glafs  with  parallel  (ides,  of  the  fame  dtmenfions  aS- 
ihc  fides  of  the  prifm.  There  are  alio  prifms  of  the  fame  fizc,  and  wiib  the  fame  angles,  of 
diStrcnt  kinds  of  glafs  j  and  fome  ctown-glafs  prifms  with  fmaller  angles,  which,  by  being 
appUed  to  the  large  prifm,  or  to  each  other,  vary  ihc  refrafting  angle  at  plcarurc. 

When  it  is  propofcd  to  try  tJic  properties  of  any  fluid,  one  of  the  fmall  plates  of  gljifs  is* 
applied  over  the  holes  on  the  fide  of  the  brafs  prifm.  A  few  drops  of  the  fluid  arc  then 
dropped  into  the  hole,  and,  when  it  is  full,  the  other  pl.ite  is  laid  over  the  holes  upon 
the  oppofilc  Gde,  and  the  whole  is  fecurcd  by  tpng  a  piece  of  pwkthrcad  round  the  ends. 
One  of  the  glafs  prifnia  is  now  to  be  applied  to  the  hrafft  prifm  contiguous  with  one  of  the 
parallel  plates,  the  rcfrafling  angles  of  the  two  prif:ns  being  placed  in  oppolitc  direflions  ta 
at  to  form  a  fmall  paiallelopipcd. 

Nothing  farther  is  ncceflary  than  to  appTythe  eye  to  the  hole  which  contains  the  fluid, 
in  fu^h  a  way  as  to  obferve  through  it  any  bright  well-dcftncd  objcii,  'ITie  bars  of  the 
window  anfwcr  the  purpofe  very  well  in  the  day-time,  Und  the  moon  or  a  candle  In  the 
aight.  The  intention  of  the  two  holes  is  for  the  fake  of  greater  expedition.  Tlie  proper- 
ties of  two  fluid*  may  thus  be  examined  and  compared  at  the  fame  time.  As  tlie  prifma- 
tic portion  of  fluid  and  the  glafs  prifm  have  equal  refracUng  angles,  and  refract  in  oppo- 
Gtioo  to  each  other,  it  wilt  cahly  he  undccllood,  that,  if  the  object  feen  through  the  two 
priiins  coincides  with  the  fame  objc£l  Iccn  direiflly,  tlur  rae^n  refrafUre  denCty  of  both 
mediums  will  be  the  fame.  When  this  is  the  cafc,  if  the  objcd  fcen  Uux)ugh  thefe  prifm» 
appears  free  from  prifmatic  colour,  the  difpcrfivc  power  of  the  iltiid  medium  is  alfo  tlic  fame 
■with  the  difpcrfive  power  of  tlie  glafs  prifm.     But  othcrwilc  they  wiU  be  dillcrcnt. 

"Drofc  mediums,  it  is  to  be  obfcrvcd,  arc  Ciid  to  have  the  fame  mean  rcfraQive  denfiiy, 
which,  under  equal  obliquities  of  incidence,  equally  refra/l  the  mean  refrangible  raysj  and 
two  mediums  are  faid  to  have  the  fame  difpcrfive  power,  whkh  produce  an  equal  iadlna- 
lioo  of  rays  of  the  fame  colour  to  the  mean  refrangible  ray,  when  the  whole  refraction  of 
the  mean  refrangible  ray  is  equal  in  both. 

When  an  objo£t  feen  tlirough  the  equal  wedges  of  glaft  and  fluid  appears  coloured,  one 
of  the  fmaller  glafs  wedges  is  to  be  applied,  and  jliified,  till  the  objc<^  appears  colouileft. 
It  it  eafy  to  diftinguilh,  by  the  order  in  which  the  prifmatic  colour  lict,  whether  the  fmaU 
frifm  is  to  be  applied  in  fuch  a  way  as  to  incrcafe  the  difpcrfion  of  the  rays  occaGoned 
by  the  fluid  fo  as  to  en^le  it  to  coumcrbalaocc  that  of  the  |tla&,  oi  whether  the  rcfra^ing 
angle  ftf  the  glafs  prifm  requires  to  be  enlarged,  to  etublc  ii  to  coutfterA^  the  dtfperfioa 
occa(ioncd  by  tlie  fluid. 

By  proceeding  iu  this  way  to  fhift  the  angles  of  the  prifms  till,  6ril,  the  dire£t  and  re- 
fraflcd  images  of  an  ofojeA  coincide,  without  legarding  the  colour,  and,  next,  till  the  re- 

inaed 


Difperjivt  Powers  of  Fluid  Mediums.  3 

iraAed  image  appears  colourlefs,  without  regarding  the  coincidence,  the  ratio  of  the  mean  re* 
fra£kive  and  difperfive  powers  of  that  kind  of  fluid,  and  that  kind  of  glafs,  with  which  the  ex« 
periments  are  made,  will  be  obtained  from  the  angles  of  the  piifms  being  given  in  both  cafes* 
■  In  order  to  afcertain  the  abfolute  refraflive  dcnCty  of  glafs,  or  any  other  medium,  that 
is  to  fa^,,the  general  ratio  of  the  fines  of  the  angles  of  incidence  to  the  fines  of  the  angles 
of  refraction  of  the  mean  refrangible  ray  which  obtains  in  that  medium,  the  Do£ior  took  a 
dircA  method,  Gmilar  in  principle  to  that  employed  by  Sir  Ifaac  Newton,  and  defcribcd  by  him 
in  the  ferenth  propoGtion  of  the  firft  book  of  bis  Optics,  and  likewifc  in  his  Optical  Lectures, 
p.  54}  bat  which,  as  he  juftly  remarks,  will  be  found  much  eafier,  and  perfcdly  accurate. 

Inftead  of  caufing  the  rays  to  pafs  through  the  fights  of  a  large  and  accurate  quadrant  at 
the  diftance  of  ten  or  twelve  feet,  as  directed  by  Sir  Ifaac  Newton,  tlie  Do£tor  employed  a 
Hadley*a  quadrant,  in  the  following  manner  : 

Plate  I.  fig.  I — ^I  reprefcnts  the  index-glafs,  and  H  the  horizon-glafs  of  a  Hadley's  quadrant. 

SI  reprefents  a  folar  ray  incident  on  the  index-glafs,  thence  reflected  to  the  horizon-glafs  H, 

and  from  it  to  the  eye  at  £.    The  line  fg  reprefents  another  folar  ray,  incident  on  the 

prifm  P,  and  through  it  refra£led  to  the  eye  at  £•    When  the  prifm  is  turned  flowly  round 

ts  axis  till  the  fpefbum  G  appears  at  its  greateft  height,  this  is  its  proper  pofition.    The 

tngle  formed  by  the  dire£l  and  refra£led  ray  is  then  the  leaft  poflible,  and  the  angles  of 

acidence  and  emergence  are  equal.    Let  the  prifm  be  fecured  in  this  pofition.    A  flight 

ifpe£kion  of  the  figure  will  (hew,  that  when  the  refledled  and  refrafted  images  of  the  fun 

re  made  to  coincide,  the  angle  marked  by  the  index  of  the  quadrant  is  the  fame  which  the 

icident  rzjfg  forms  with  the  refracted  ray  P£  produced.    For  SZH  is  the  angular  dif* 

ttceof  the  fun,  and  his  doubly  refleAed  image  marked  by  the  index  ;  and  the  angle/jf  G, 

hich  the  ray  incident  on  the  prifm  forms  with  the  refra£led  ray  produced,  is  equal  to  it  % 

and  SI  being  parallel,  and  PZ  and  HZ  being  coincident. 

The  manner  in  which  the  ratio  of  the  fines  of  the  angles  of  incidence  and  refra£lion  may 

computed,  from  the  above  angle  and  the  refraAing  angle  of  the  prifm  being  given,  is 

ly  explained  in  the  celebrated  works  which  have  juft  been  quoted. 

rhe  Do£lor  here  remarks,  that  as  it  is  the  ratio  of  refraflion  of  the  mean  refrangible 

which  is  wanted,  the  centre  of  the  refle£led  image  of  the  fun  ought  to  be  made  to  coin- 

;  with  the  centre  of  the  coloured  fpe£lram,  as  reprefented  in  the  figure }  and  if,  in  (lead 

liisy  the  coincidence  be  formed  with  the  moft  or  leaft  refrangible  ray,  or  any  of  the  in- 

lediate  rays,  it  will  be  the  ratio  of  refraflion  of  thefe  rays,  and  not  of  the  mean  refran- 

;  ray,  which  will  be  found  from  the  obfervation.     Hence  this  method  might  be  prac- 

for  determining  the  difperfive  power,  as  well  as  the  mean  refraftivc  dcnfity  of  any 

parent  fubftance,  whether  folid  or  fluid ;  but  the  Doflor  has  preferred  a  combination 

ifms  or  lenfes,  becaufe  it  is  the  relative  ratios,  more  than  the  abfolute  ratios,  which  are 

immediately  wanted. 

this  prifmatic  apparatus,  the  optical  properties  of  a  great  variety  of  fluids  were  exa- 
l.  The  folutions  of  metals  and  fcmi-metals  proved  in  all  cafes  more  difpeYfive  than 
i-glafs.  Some  of  the  falts,  as,  for  example,  fal-ammoniac,  greatly  incrcafed  the  dif- 
:  power  of  water.  The  marine  acid  difperfes  very  con fiderably,  and  this  quality  in- 
s  with  its  ftrength.  The  moft  difperfive  fluids  were  accordingly  found  to  be  thofc  in 
this  acid  and  the  metals  were  combined.     The  chemical  preparation  called  caufticum 

B  2  antimonia/i^ 
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antimoniaff,  OT  hii/yrum  tr./tmt/iii,  in  its  moft  concentrated  (late,  when  it  Iiai  jwft  >ttra^e<B 
fuflicient  Immiilily  to  rcniler  i[  fluid,  pofleflcs  the  quality  of  difperGng  the  rays  in  fuch  ati 
aftonilhing  degree,  chat  three  wedges  of  crown-glafs  arc  neccfliiy  to  remove  the  colour 
produced  by  one  wedge  of  this  fubdaiice,  of  an  equal  refraining  angle  oppofcd  to  ihem4   i 
'Hie  great  quantity  of  the  femi-ninal  retained  in  folution,  and  the  highly  concentrated  ftatft  i 
of  the  marine  aeid,  arc  confidcrcd  by  the  author  as  the  caufc  of  this  fcarcely  credible  effe£l» 

Corrofivc  fublimate  mercury,  added  to  a  folution  of  /al  ammoniaeum  in  water,  potTelTcft  ^ 
ihc  next  place  to  the  butter  of  antimony  among  the  difperdve  fluids  which  he  examined. 
It  may  be  made  of  fuch  a.  degree  of  ftrength  as  to  require  a  wedge  of  crown-glafs  of  double 
the  rcfraQing  angle,  to  rrmovc  the  colour  which  a  prifni  of  it  produces.  The  mercury  and 
marine  acid  contained  in  tliis  folution  arc  manifeftly  the  caufc  of  its  difperlivc  power :  fou 
neither  the  water,  nor  the  voliitiJc  alLali,  which  arc  its  ether  component  parts,  wiU  be  found 
capable,  if  tried  fcparatcly,  of  contributing  towards  this  cffctl. 

Ilie  cITential  oils  were  found  to  hold  the  neit  rank  to  metallic  foluttons,  among  fluids 
which  potTefs  the  dlfpcrfive  quality.  The  moft  difperCve  were  found  to  be  thofe  obtained 
from  biium»nou$  minerals,  fiich  as  the  native  petrolea,  pitcoal,  and  amber.  When  the  re- 
fra£tion  la^  without  colour,  the  proportion  of  the  rcfraCting  angle  of  a  prifm  of  thcfe,  to 
the  refraf\ing  angle  of  a  pnfm  of  crown-glafs  a£ting  in  oppoCcion,  is  about  two  to  three. 
The  difperfive  power  of  the  eflcntial  oil  of  faOafras,  is  not  much  inferioi  to  thefe.  The 
eflential  oH  of  lemons,  when  genuine,  requires  the  refraining  angles  of  the  prifms  necclTarji 
to  produce  a  colourlefs  rcfraftion,  to  be  as  three  to  four.  In  otl  of  turpentine,  t!m  pro- 
portion is  as  fcven  to  fix;   and  the  elTeniial  oil  of  rofemary  is  ftill  lefs  difperfivc. 

Some  exprcficd  oils,  which  were  examined,  were  found  not  to  differ  fcnlibly  in  difperfivp 
power  from  crown-glafs  j  vliieh  was  alfo  die  cafe  with  rectified  fpirits,  and  with  nitrous  and 
vitriolic  ether. 

Having  been  thus  fucccfsfur  beyond  his  hopes  in  difcovcring  fluids  capable  of  removing 
the  i^reat  impcrfcciion  of  tclcfcopcs  arifing  from  the  different  refrangibility  of  lights,  the 
ncJtt  objcft  of  the  author  was  to  fcle£t  from  this  vaiievy  thofe  that  fccmed  belt  adapted  to 
optical  purpofcs. 

TTicre  was  no  doobt  diat  thofe  mediums  which  moft  difperfe  the  rays  were  cattrispa^ 
rihus  to  be  preferred.  It  will  alfo  be  found,  when  the  method  of  corrcdling  thofe  errors 
which  arifc  from  the  fpherical  figures  of  lenfes  comes  to  be  conlidered,  that  there  is  ap* 
parcntly  an  advantage  in  ufmg  a  difperCve  medium,  whofc  mean  refraclivc  denCty  exceed) 
the  mean  rcfratiive  dcnfuy  of  crown-glafs. 

As  the  antimonial  cauftic  poffcffc.s  both  thefe  advantages  in  a  degree  far  beyond  what 
was  tn  be  cxpc^ed  in  any  fluid,  fome  of  it  was  included  between  two  double  convex  Icnfet 
of  cTown-giafs,  whofc  radii  of  convexity  were  as  two  to  one.  The  lead  convex  Hdes  of 
thefe  were  turned  toward  each  other,  and  they  were  Icept  at  a  proper  diltancc  by  means 
of  a  gbfs  ring.  The  cavity  was  then  htled  with  tlie  Clrongcd  butter  of  antimony.  Here 
it  il  evident,  that  there  is  a  concave  lens  of  the  difperfive  fluid  acting  in  oppo&iion  to  the 
two  convex  lenfes  of  crown-glafs,  and  tliat  llie  proportion  of  the  radii  of.thefe  is  the  fame 
.  which  was  fo«nd  by  the  prifms  to  eoirc^  the  colour,  namely,  three  wedges  of  crown-gla& 
ID  one  of  tbc  butter  of  untimony. 

This  compound  objcA-gIaX»  being  put  into  2  tube,  an  cye-glab  was  applied,  and,  accord- 

■      ing; 
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hig  to  ezpeAatiaHy  the  colour  was  found  to  be  removed.  But  the  Do£lor  was  furprifed  to 
find,  on  dire^ing  the  inftrument  to  a  planet,  and  ufing  a  deep  eye-glafs^  that  this  fluid,  iii 
its  highly  concentrated  ftate,  was  fubje<3,  like  flint-glafs,  to  great  irregularities  in  its  dcnfity, 
difcoverable  by  dreams  of  light,  like  comets*  tails,  ifluing  in  different  diredions  from  the 
difl^  of  Venus,  which  was  the  planet  obfervcd.  By  (baking  the  objccl-glafs,  thcfe  might  be 
in  a  great  meafure  removed,  but  foon  returned ;  and,  after  (landing  all  night,  broad  veins, 
in  difierent  parts  of  the  included  fluid,  were  perceptible  to  the  naked  eye.* 

It  was  nece(rary,  on  this  account,  to  reje£l  very  denfe  fluids.    1  he  ancimonini  preparation 

Bras  found  to  be  reducible  to  a  fuflEcient  degree  of  fluidity,  by  mixing  it  with  fpirit  of  wine 

ir  vitriolic  ether,  into  which  a  fmall  quantity  of  the  marine  acid  had  been  previoufly  dropped. 

rhis  prevents  any  precipitation  of  the  femi-metal  in  the  form  of  a  calx.     In  this  diluted 

3rm,  either  this  preparation,  or  the  folution  of  corrofive  fublimate  mercury  alone  in  fpirit 

f  wine  or  in  water,  with  the  addition  of  crude^b/  ammoniacufn^  may  be  employed  for  pro- 

ucing  refradion  without  colour,  and  without  being  fubjecl  to  that  irregularity  of  denfity 

t  which  flint -glafs  and  very  denfe  difperGve  fluids  are  fubjeft. 

Bat  as  folutions  of  faline  fubdances  in  this  diluted  date  do  not  differ  materially  in  dif- 

rfive  power  from  the  eflfential  oils,  thefe  two  kinds  of  fluids  may  be  ufcd  indiiTcrently. 

In  one  cafe,  however,  our  author  remarks,  that  water,  or  vitriolic  ether,  impregnated  with 

imony  or  mercury,  will  have  the  advantage  from  being  lefs  denfe  than  eflential  oils,  and 

t  is,  where  it  is  required  to  produce  a  (ingle  refra£tion,  in  which  there  (hall  be  no  differ* 

t  of  refrangibility  of  heterogeneal  light.     As  this  expreflion  might  found  drange  in  the 

(  of  Opticians,  the  Doctor  has  employed  a  conGderable  part  of  his  paper  to  explain  what 

leant  by  it.    He  (hews,  that  there  are  cafes  of  (ingle  refra£^ion  in  which  the  violet  rays 

tbi  Uaft  refrangible  ;  or  in  which  all  the  rays  are  eqtuil/y  refrangible  ;  or  in  which  the  red 

are  refracted  fr^m  the  perpendicular^  and  the  violet  rays  tozvards  the  perpendicular,  while  the 

t  refrangible  rays  fuffer  no  refraSlion.  ^  " 

hefe  pofitions  mud,  no  doubt,  at  fird  conlideration,  appear  paradoxical ;  but  their  (in- 

ity  will  vanifh  on  attending  to  two  circumdances :  i  d.  That  thefe  refraAions,  though 

\y  are  not  eflFecled  by  tlie  Gmple  agency  of  one  medium  on  the  confine  of  a  vacuum,  but 

e  difierence  of  the  contrary  aftions  of  two  mediums  at  their  common  furface ;  and. 

That  Opticians,  from  the  habit  of  contemplating  the  crown  and  flint  glaflcs,  have 

ited  the  notion  of  a  greater  difper(ive  power  with  that  of  a  greater  power  of  mean 

tion.— But  our  author,  having  afcertained  various  fa£ls  in  which  the  greater  power  of 

ion  accompanies  the  lefs  mean  refraflive  power,  has  in  confcquence  (hewn  that 

romatic  lens  may  be  condruded,  in  whicli  all  the  refractions  are  made  in  the  fame 

^n  *.    The  cafes  of  Cngle  refra£lion  here  mentioned  arc  very  perfpicuoufly  and  at 

ngth  (hewn,  with  fuitable  diagrams,  as  well  from  the  general  fads  before  enumerated, 

aflfumed  powers  of  attraction  of  the  mediums  on  the  rays  of  light,  after  the  fup- 

of  Sir  Ifaac  Newtoii.     For  the  fake  of  brevity,  however,  I  (hall  give  the  fubdancc 

xplanation,  without  particularly  attending  to  the  order  of  arrangement. 

objc6l-gfafs  formed  of  oil  of  turpentine  included  between  two  double  convex  Icnfc*,  the  radii  of 
vcxities  arc  as  fix  to  one,  and  the  deep  fides  inwards,  there  arc  four  rcfra^ions,  all  towards  the  axis  ^ 
iiration,  from  difference  of  refrangibility,  is  removed.     This  com|K>iind  lens  hai  twenty  inches  focal 

one  inch  and  haif  aj^nrriure.     Ii3  performance  as  a  itlcfropt  is  not  contemptible.    B. 


Ufi.- 
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If  1  pencil  of  compounJcd  light  be  imagined  to  pafs  oblitjuely  out  of  the  plane  furface  of 
any  dcnfe  medium  into  a  vacuum,  it  is  well  known  thai  the  refraflioii  will  be  made 
from  ihc  pcrpemliculir,  the  violet  rays  being  moft  rcfraficd  and  the  red  lead,  fo  that  thcfe 
rjvi  will  be  inclined  to  each  other.  Bui  fuppofe,  again,  that  inftead  of  the  rays  being  ■ 
fuftcrcd  lo  pafs  into  the  vacuum,  another  medium  were  applied,  having  a  plane  furface  in 
contacl  with  thai  of  the  former,  and  that  its  power  of  difpcrfion  were  fuch  as  preeifely  to 
(oumcra£l  the  difpcrfivc  power  exerted  on  the  rays  by  the  former  medium :  in  this  cafe  it  is 
evident  that  the  pencil  of  light  would  pafs  forward  colourlufs.  Neverthelefs,  as  the  dif- 
nerfivc  power  may  be  equal  in  two  mediums  which  differ  in  mean  rcfraflivc  power,  it  is  no 
Icfs  clear,  that  refraiftion  will  take  place  wherever  thcfc  two  powers  are  not  prccifcly  equal  j 
and  ihai  cither  lowards  the  perpendicular,  if  the  power,  or,  as  it  is  called,  rcfraflivc  dcnfity 
of  the  fecond  medium,  be  greater  than  that  of  the  firfl,  or  from  it  if  lefs. 

In  tJie  ncKt  place,  fuppofe  tlie  two  mediums  not  to  agree  in  difperfive  power,  but  that  the 
fecond  medium  dtfperfcs  more  tlian  the  oilier.  The  violet  ray  will  not  only  be  prcrented 
from  fcparating  on  the  one  fide  of  the  red,  but,  by  the  exccfs  of  difpcriive  power,  it  will 
be  drawn  fo  far  as  Co  make  an  angle  with  that  ray  on  the  other  fide,  and  the  difperfton  will 
be  made  the  contrary  way.  If  the  mean  refraflion  of  the  fecond  medium  exceed  that  of  the 
firft,  the  whole  pencil  will  be  bended  towards  the  perpendicular,  and  towards  the  fame  region 
AS  the  difpcrfion  carried  the  violet  ray  j  fo  that  the  effi:£t  will  be  fimilar  (though  lefs  in 
power)  to  that  of  a  common  lefradlion  and  difpetfion  by  a  Gngle  dcnfe  medium  in  vacuo. 
This  happens  in  the  tranGtion  from  crown-glafs  into  Bint-glafs.  But  if  the  mean  refractive 
power  of  the  fecond  medium  be  leall,  the  pencil  will  be  bended  from  the  perpendicular, 
though  the  violet  ray  will  not  with  Handing  continue  ncarcft  the  fame  perpendicular.  The 
red  ray  will  therefore  be  the  moft  deGciied,  and  the  violet  leaft.  This  effcft  takes  place 
when  light  is  refra£lcd  in  the  confine  of  crown-glafs  and  oil  of  turpentine,  and  alfo  of  many 
other  ituids.  If  the  refraflive  powers  of  the  two  mediums  upon  the  mean  ray  be  equal,  the 
dircflion  of  this  ray  will  continue  unaltered  at  its  tianruion  from  llie  one  to  tlie  other.  But 
if  the  difperfive  power  diScrs,  the  extreme  rays  will  form  an  angle,  of  which  the  red  ray» 
will  be  either  at  the  one  or  the  other  limit,  according  to  ci re um (lances.  For  example,  if  the 
difpcriive  power  of  the  firft  medium  be  grcateft,  the  angle  will  merely  be  diminiOied  by  the 
aflion  of  the  fecond  medium ;  fo  that  the  violet  ray  will  be  the  mofl,  and  the  red  the  lead, 
reflated  from  the  perpendicular;  as  would  have  happened  (though  moit;  (Irongly)  in  the 
tranljcion  into  a  vacuum.  But  if,  on  the  contrary,  the  difperlivc  power  of  the  fecond  me- 
dium were  greateft,  the  violet  ray  uUl  be  carried  more  towards  the  perpendicular  than  the 
red  by  the  difficrcncc  of  the  two  powers.  This  cafe  of  refradlion  is  found  to  take  place  in 
the  confine  of  crown-glafs  and  butter  of  antimony,  when  the  latter  is  fo  far  diluted  as  that 
both  mediums  equally  refra^  the  mean  ray  under  equal  angles  of  incidence. 

In  the  cafe  of  refraflion  without  colour,  as  before  explained,  the  power  of  difperiioii 
in  the  fecond  medium  was  alTumed  to  be  fuch  as  preeifely  to  counteraft  the  effect  of  the 
(tilt  i  that  is  to  fay,  not  only  with  regard  lo  the  extreme  red  and  violet  rays,  but  alfo  with 
regard  to  the  mean  and  all  the  intermediate  rays.  But  Doctor  Blair '(.Experiments  (hew^ 
ihat,  in  mediums  which  difpcrfc  the  light  but  little,  the  green  is  the  mean  refrangible  ray  i 
that  in  by  far  the  greated  nun;ber  of  more  difperfive  mediums,  including  flint-glafs,  metallic 
folutions,  and  cfTeiitUl  oils,  the  green  light  is  not  the  locaa  refraogibk  older,  but  forms  one 
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of  the  kill  refrangible  orders  of  light,  being  found  in  the  prifmatic  fpefinim  nearer  to  the 
deep  red  than  to  the  violet  \  and  that  in  another  clafs  of  difperCve  mediums,  which  includes 
the  nmriatic  and  nitrous  acids,  this  fame  green  light  becomes  one  of  the  more  refrangible 
orders,  being  now  found  nearer  to  the  extreme  violet  than  to  the  deep  red.  Whenever, 
therefore,  the  light  pafles  out  of  one  of  thefe  three  clafles  of  mediums  into  another  of  a 
dtfierent  clafs,  the  difperfive  powers  will  not  accurateljr  counteraA  each  other,  even  though 
thej  may  be  adopted  to  caufe  the  extreme  red  and  violet  rays  to  become  parallel ;  but  the 
vays  wiiif h  would  occupy  the  interior  parts  of  the  fpedrum  will  be  difperfed,  and  chat  in 
«  greater  degree  the  more  remote  they  are  from  the  extremes. 

Thefe  feveral  cafes  of  refra£lion  were  likewife  tried  with  compound  objefl-glafles,  which 
fliew  the  eflfed  better  than  prifms.     Thus,  if  a  plano-convex  lens  have  its  plane  fide  turned 
toward  a  diftant  obje£l,  the  rays  will  enter  it,  as  to  fenfe,  perpendicularly,  and  will  therefore 
liiffer  no  refraction.     If  the  convex,  furface  of  this  lens  be  brought  in  conta£):  with  a  fluid 
of  £b1s  mean  vefra^ive  denfity  than  the  glafs,  but  exceeding  it  in  difperfive  power  in  that 
degree  which  occafions  an  equal  refraction  of  all  the  rays»  all  thefe  rays  will  then  be  con- 
verged to  the  fame  pcMnt,  which  are  incident  at  the  fame  diftance  from  the  axis  of  the  lens. 
The  focal  diftance  of  this  compound  lens  will  be  greater  or  lefs,  in  proportion  to  its  radius 
•C'convexity^  afnd  to  the  difference  of  refra^on  between  it  and  the  fluid  made  ufe  of. 
While  the  fluid  is  confined  on  one  fide  by  the  plano-convex  lens,  let  the  lens  which  is 
irought  in  contadl  with  it  on  the  oppofite  fide  have  one  of  its  fides  ground  convex,  and 
he  other  concave ;  the  radii  of  their  fphericities  being  equal  to  the  focal  diftance  at  which  the 
ays  are^made  to  converge  by  the  refra£lion  which  takes  place  when  light  paflfes  from  the 
lano-convex  lens  into  the  fluid.     It  is  manifeft  that  the  light  will  now  bgth  enter  into  this 
ompoand  lens,  and  emerge  from  it,  perpendicularly,  and  will  therefore  fufFer  no  refrac- 
on,  except  in  the  confine  of  the  convex  fide  of  the  plano-convex,  and  the  difperfive  fluid 
4iere  all  tlie  rays  are  equally  refrangible.     A  compound  lens  of  this  kind  is  reprefented  in 
le  fecond  figure,  PL  I.  which  requires  no  farther  explanation  \  excepting  only,  that,  inftead 
:  being  fpherical,  it  is  reprefented  with  that  curvature  which  converges  homogeneal  rays 
cident  at  all  diftances  from  the  axis  to  the  fame  point.   If  the  required  curvature  could  be 
ven  to  Icnfes  with  fufficient  accuracy,  this  figure  feems  to  reprefent  as  perfe£t  a  conftfuc- 
m  of  the  obje£l-glafs  of  a  telefcope    as   can  be  defired.     But  there  is  reafon  to  think 
tt  a  fpherical  figure  may  be  communicated,  not  only  much  eafier,  but  with  greater  accu- 
Vf  than  a  fpheroidal  or  hyperboloidal,  which  would  then  be  required ;  and  even  if  this 
Eculty  could  be  got  over,  there  would  ftill  remain  a  fundamental  fault  in  the  theory. 
fore  relating  the  obfervations  by  which  this  was  deteded.  Dr.  Blair  explains  the  method 
removing  the  fpherical  abecration   by  a  combination  of  convex  and  concave  lenfes. 
*,  next  to  the  indiftinflnefs  arifing  from  the  unequal  refrangibility  of  light,  this  aberra- 
1  occafioned  by  the  fpherical  figures  of  Icnfes  is  the  great  obftacle  to  the  advancement 
the  powers  of  vifion.    The  aberration  from  the  fpherical  figure  has  been  treated  of, 
(lithe  variety  of  cafes  which  can  occur  in  fingle  glafs  lenfes  by  the  great  Hugenius  in  his 
ptrics,  a  pofthfimous  work.    He  there  demonftrates,  that  the  quantity  of  this  aberration 
ery  different  in  different  lenfes  of  the  fame  focal  diftance,  according  to  the  convexities 
oncavities  of  their  two  fidcsj  and  the  manner  in  which  they  are  expofed  to  parallel  rays. 
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III  contex  lenfcs,  tliorc  raya  which  pafs  at  a  diftance  from  the  axis  are  conMrged  to  » 
point  nearer  to  the  lens  than  its  geometrical  focus.  The  dillauce  between  the  point  at 
which  the  external  ray  of  a  pencil  incident  on  a  lenS  inlcrfe£ls  its  axis,  and  the  geometri- 
cal focus,  is  called  the  linear  aberration  of  that  lens. 

Hugcnius  demonllrates,  that  when  a  plano-convex  lens  is  cxpofed  to  parallel  rays,  with 
its  plane  fide  towards  them,  this  aberration  will  amount  to  four  times  and  a  half  the  thick- 
nefs  of  the  glafs-  By  the  thicknefs  of  a  convex  lens,  is  meant  its  greateft  thicknefs  in  tlie 
middle,  after  fubtrafling  its  thicknefs,  if  it  has  any,  at  liic  outer  edge;  and  by  the  thick- 
nefs of  a  concave  lens,  is  meant  its  thicknefs  at  the  external  cdgOj  after  deducing  its  thick- 
nefs in  the  middle. 

On  turning  the  convex  fide  of  the  lens  towards  the  light,  the  linear  aberration  will  only 
exceed  the  thicknefs  of  the  lens  by  one  Gxth  part. 

When  both  fides  of  a  lens  are  convex,  and  the  proportioH  of  their  convexities  Is  as  one  to 
fiKj  if  the  mod  convex  fide  be  cxpofed  to  paraJlel  rays,  the  aberration  will  exceed  the  thick- 
nefs of  the  lens  one  fourteenth,  which  is  the  fmallcft  poflibic  aberration  of  any  convex  lens. 

If  it  is  required  to  increafc  the  aberration,  this  may  be  done  by  grinding  one  fide  of 
the  lens  convex,  and  the  other  fide  concave,  to  a  longer  radius.  Such  a  lens,  with  its  con- 
cave fide  turned  towards  parallel  rays,  wdl  have  more  aberration  than  any  plano-convex 
or  double  convex  lens  of  the  fame  focal  diftance. 

Hugenius  proceeds  to  fhew,  that  the  fame  aberration  is  produced  by  concave  lenfcs  as 
by  limilar  convex  ones.  When  a  plano-convex  lens  is  cxpofed  to  parallel  rays  with  its  plane 
(ide  outward,  the  external  ray  of  the  pencil  being  produced  backward,  after  refra£lion,  will 
interfe£l  the  axis  of  the  lens  nearer  to  it  than  its  focus  by  four  times  and  a  half  the  thick- 
nefs of  the  lens.  But  if  its  concave  fide  be  expofed  to  the  parallel  rays,  the  aberration 
will  only  exceed  the  thicknefs  of  the  lens  one  fourteenth  part,  A  double  concave,  whofc 
radii  are  as  one  to  fix,  with  the  mod  concave  fide  turned  outward,  difperfes  the  rays  with 
the  leaft  aberration ;  and  a  concave  menifcus,  with  its  convex  fide  outward,  produces 
more  aberration  than  any  plano-concave  or  double  concave  lens  of  an  equal  focal  diftance. 

Thcfc  are  fulBcicnt  data  for  correfling  the  aberration  from  the  fpherical  figure,  in  cafes 
where  boih  a  convex  and  concave  lens  arc  required  in  the  conftruftion  of  the  compound 
objcft-glafs. 

Fig,  3.  PI.  I.  Let  AB  rcprefent  a  convex  lens  receiving  a  pencil  of  rays  from  the  objeft  S, 
and  converging  rays  incident  near  the  axis  at  ST  to  the  point  F,  and  external  rays  as  SB 
to  the  point  D,  fo  that  DF  reprefents  the  greateft  linear  aberration  in  this  cafe. 

Again,  let  GH  (Fig,  4.}  reprefent  a  concave  lens  receiving  the  parallel  rays  SH,  RK, 
which  it  refracls  in  the  lines  HX  and  KV.  This  ray  KV  being  produced  backward,  will 
interfeft  the  axis  of  the  lens  nearly  at  the  point  N,  which  is  calfcd  the  virtual  focus  of  the 
concave ;  and  the  external  ray  HX  produced  backward,  will  interfeft  the  axis  in  fome  point 
P  nearer  to  the  lens  than  its  focus  PN,  being  the  linear  aberration. 

It  may  here  be  obfcrved,  that  the  convex  is  in  that  pofition  which  produces  the  ieaft 
aberration,  and  ilie  concave  in  the  pofition  which  produces  moft  aberration.  Hence,  to 
render  the  aberrations  DF  (Fig.  3.)  and  PN  (Fig.  4.)  equal,  the  focal  diftance  of  the  con- 
vex nluft  be  much  Ihonei  than  that  of  the  concave  i  and  if  the  diftanccs  of  the  points  F 
4  and 
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mnd  N,  from  ihc  convex  and  concave  Itnfes^  be  required  to  be  the  fame  as  Tcprefcnted  in 
the  figures,  then  mutl  ihe  obj&S  be  placed  raucli  nearer  to  the  convex.  Hence  (be  image 
of  the  near  objcd  S  is  rcprefented  at.  the  fame  diliance  from  the  convex  icns  in  Fig.  3, 
as  the  virtual  focus  of  the  concave  in  Fig.  4,  where  it  is  rcprefented  as  receiving  parallel 
rays  which  are  fuppofed  to  come  from  an  infinitely  diflant  object. 

Now  when  the  diliance  between  K  and  N,  which  is  the  point  from  which  parallel  rays 
are  made  to  diverge  by  the  concave  lens,  is  equal  to  the  diftancc  between  T  and  F,  which 
is  the  point  to  which  rays  ifluing  from  S  are  made  to  converge  by  the  convex,  and  when 
the  aberrations  DF  and  PN  are  alfo  equal  j  it  will  follow  in  this  cafe,  that  if  iJie  two  lenfcs 
be  placed  contiguous,  in  the  manner  rcprefented  in  the  twelfth  figure,  parallel  rays  incident 
on  thefe  lenfes  will  be  converged  to  the  point  S,  without  any  aberration  of  t]ie  external  ray. 

For  it  is  an  axiom  to  optics,  that  if  a  ray  of  light  after  refraifilion  be  returned  directly 
back  to  the  point  of  incidence,  it  will  be  refra£led  in  the  line  which  was  before  dcfcribcd 
by  the  incident  ray. 

If,  therefore,  we  conceive  the  whole  of  the  tight  emitted  from  the  point  S  (Fig.  3.)  and 
converged  by  the  convex  lens  towards  the  points  D  and  F,  to  be  relumed  directly  back 
from  tliefe  points,  it  will  be  accurately  converged  to  the  point  S,  whence  it  ifliied.  Now 
the  parallel  rays  SH,  RK  (Fig.  4.)  after  their  emergence  from  the  concave  lens  in  the 
lines  HX,  KV,  are  prccifely  in  the  fame  relative  fituation  as  the  rays  fuppofed  to  be  re- 
turned dire£liy  back  from  F  and  D  arc  in  at  tlicir  incidence  on  the  convex ;  and  therefore, 
wlien  thefe  lenfes  are  placed  contiguous  in  the  manner  rcprefented  in  ihe  twelfth  figure, 
parallel  rays  incident  on  the  concave  lens,  and  immediately  after  their  emergence  from 
it,  entering  the  convex  lenS)  will  be  accurately  converged  to  the  point  S  without  attf 
aberration. 

This,  which  is  the  njoft  fimple  cafe,  will  fuffice  to  explain  the  nature  of  that  aberration 
vhich  arifcs  from  the  fpherical  figuret  of  lenfes,  and  a  method  of  obviating  it,  by  com- 
buiing  B-convex  and  concave< 

The  demondration  is  perfeft  as  far  as  regards  the  external  ray,  which  is  here  rcprefented 
paSing  from  the  external  part  of  the  concave  into  the  external  part  of  the  convex,  in 
immediate  contact  with  it ;  and  if  the  furfases  of  the  two  lenfes,  which  rcfpeft  each  other, 
were  cither  in  contact  or  parallel,  it  would  be  true  with  regard  to  all  the  rays.  Uut  as 
this  is  not  the  cafe,  there  arifes  a  fmall  fccondary  aberration,  the  effeft  of  which  only  be- 
comes fenfible  in  large  apertures. 

Hence  may  be  underftood  the  rcafon  why  the  indiflindnefs  ariiing  from  the  fpherical 
figures  of  lenfes,  may,  in  the  common  Achromatic  Tclefcopc,  be  more  nearly  removed  in 
thofe  conftruflions  of  objcfl-glaffes  in  which  three  lenfes  are  employed,  than  in  thofe 
compofed  only  of  two  j  and  alfo  the  advantages  in  this  rcfpeft  which  may  be  derived  from 
introducing  fluid  mediums  which  differ  from  glafs  in  their  mean  refractive  denfity,  and  in 
the  quantity  of  aberration  produced  by  their  refraclions-  For  It  wilt  be  found  upon  com- 
putation, that  when  the  fluid  medium  is  rarer  tlian  glafs,  the  aberration  from  the  fpherical 
figure  is  increafed,  and  becomes  greater  in  proportion  as  its  denfity  diminifiies.  Now,  by 
making  the  denfity  of  the  fluid  medium  approach  nearer  and  nearer  to  the  denfity  of  the 
glafs  with  which  it  is  in  contact,  we  may  Jncrcafc  the  rarity  of  our  refrafling  medium,  or, 
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which  amounts  prccifcly  to  the  fame  thing,  dimiiivCh  ihc  diflference  ef  dcnfity  of  the  two 
mediums  ai  pkafurc. 

Ii  will  appear  from  what  has  been  cspblned,  that  the  aberration  from  the  figure  cannot 
he  correcled  by  interpofing  a  difperfivc  fluid  between  two  convex  lenfes  of  a  greater  re- 
liraflivc  denfity  than  the  interpofed  fluid.  For  all  the  refraflions,  being  made  the  fame 
way,  tend  to  converge  the  external  r;iys  to  poiius  nearer  the  lens  than  its  geometrical  focas. 
Hence,  when  rare  fluids  are  made  ufc  of  to  remove  the  aberration  from  the  difference 
nf  rcfiangibiliiy,  fonic  farther  contrivance  becomes  neceflary  to  corre£t  the  fphencal 
aberration. 

The  moft  obvious  way,  and  which  on  trial  was  found  fuccersful,  ts  to  include  the  rare 
difperfivc  fluid  between  two  glaffes,  ground  concave  on  one  fide  and  convex  on  the  other, 
and  [bus  form  fuch  a  concave  as  (hall  be  required.  An  Achromatic  Objcft-giafs  may  be 
formed  by  combining  this  with  a  convcit.  The  objeflkm  to  this  conftntQion  is,  that  one  of 
the  advantages  arifuig  from  the  ufe  of  fluids  is  given  up,  n.imely,  the  prevention  of  that 
Kifs  of  light,  by  reflection,  which  is  a  coufcquence  of  the  fluid  being  in  knraediate  contact 
with  the  glafs,  whereas  in  the  ptefeut  cafe  the  fpace  between  the  convex  and  concave  is 
occupied  by  air. 

On  this  account.  Dr.  DIair  attempted  to  introduce  a  tliird  medium,  by  tHing  iIms  vacancy 
■with  a  fluid  of  the  leaft  difperfivc  Lind,  and  of  lefs  mean  refraftive  denfity  than  the  dif- 
pcrfive  fluid.  For  this  purpofe  he  employed  fometimes  redli&ed  fpirit  of  wino,  and  fomc- 
times  vitriolic  ether  ■,  and  by  giving  to  the  lenfes  the  proper  degree  of  curvature,  in  which 
great  variety  may  be  introduced,  he  fucceeded  in  forming  object  glaflbs  in  which  both 
aberrations  are  removed,  and  hardly  any  more  light  loft  than  in  a  fimple  objefl-glafs. 

Having  gained  this  point,  he  now  determined  to  try  how  far  the  aperture  of  the  objcd* 
gbfs  might  be  increafed,  wicJiout  increaftng  its  focal  length,  expe^ing,  at  leall,  to  equal 
reflefiors  in  this  refpe£l.  But  the  firft  trials  to  execute  objei^t-gbfl'es  on  tins  principle, 
though  they  left  no  reafon  to  complain  of  want  of  fuccefs  when  compared  with  fuch  in* 
ftrumcncs  as  are  now  in  ufe,  exhibited  new  phenomena  and  new  obftacles  to  the  perfeiSion 
of  the  theory  of  Telefcopes  more  uoaccountabie  and  perplexing  than  any  he  had  before  en- 
countered. The  hiftoryof  thefe  inlerefting  fai£ts,  and  the  regular  progicls  oi  difcovery 
by  which  they  were  remedied,  conftitute  a  large  part  of  the  paper,  which  well  defentes. 
to  be  confidtcd  by  thofe  who  wiJh  effeiitually  to  profccute  this  fubjcft.  Brevity,  however, 
demands  a  Icfs  hillorical  narration  in  this  place. 

Thefe  new  diiEcuUics  arofe  from  the  effe<3s  of  contrary  powers  of  difperfion,  wliich 
though  equal  upon  the  extreme  rays,  were  not  found  to  be  the  fame  upou  the  rays  that  oc- 
cupy intermediate  fpacea  in  the  coloured  fpeclrum.  From  what  has  lieen  already  flated 
on  this  fubje£t,  the  attentive  reader  may  underftand,  Uiat  fuch  intermediate  lays  from  a 
compound  lens  of  the  kind  here  defcrlbed,  would  not  hn  alFcmbled  at  the  common  focus. 
Ihc  particular  nature  of  this  difperfion  is  much  more  accurately  feen  by  applying  a  deep 
eye-glafs  to  the  focal  image,  than  by  experiments  with  piifms.  When  the  image  of  a  lucid 
point  is  formed  in  the  focus  of  a  fimple  lens,  the  violet  or  moit  refrangible  rays  are  con- 
verged to  a  focus  nearcH  to  the  lens,  and  the  deep  red  rays  arc  converged  to  a  focus  at  the 
l^reaieft  diftauce  from  it.  The  confequence  of  this  is,  that  if  the  image  be  examined  by  an 
cyc-gbfs  nearer  to  the  lens  than  is  required  for  diftinfl  vifion,  it  will  be  furrounded  with  a 
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red  fringe,  which  is  the  prcvaifing  colour  of  the  lead  rcfranjjibJe  rays ;  and  if  the  eye- 
glafs  be  placed  at  a  diftance  beyond  that  which  is  required  for  di(lln£l  vifion,  it  will  be 
furrounded  with  &  blue  fringe,  which  is  the  prevailing  colour  of  the  moft  refrangible  rays. 

The  reafoa  of  this  will  appear  more  clearly  from  infpefling  the  fixth  figure,  where  the 
red  rays  appear  oUtermoft  within  the  focus  at  A,  and  the  violet  rays  appear  outermoft  be- 
yond the  focus  at  B.  Thefe  colours  arc  alfo  vifible  when  an  image  of  any  luminous  ob]e£t, 
^s  the  fun,  is  formed  by  a  lens  on  a  white  ground ;  and  they  will  be  fo  much  the  more 
confpicuous,  the  greater  the  diameter  of  the  lens  in  proportion  to  its  focal  diftance.  The 
reverfe  of  this  happens  in  compound  lenfes,  when  the  medium  employed  to  corre£l  the 
colour  difperfes  more  than  it  ought  to  do. 

In  this  way  the  corredlion  of  the  colour  may  be  examined,  and  the  qualities  of  refraSing 
mediums  inveftigated,  to  an  extreme  degree  of  accuracy.  Yet  the  effcft  will  be  rendered 
ftill  more  fenfible  by  covering  half  the  objcft-glafs.  For,  when  this  is  done,  the  colour  pro- 
duced by  the  uncovered  half  of  the  objeft-glafs  appears,  without  being  mixed  with  that  of 
the  oppofite  fide,  even  when  the  eyc-glafs  is  adjufted  to  diftinA  vifion.  Thus,  in  Fig.  6,  thd 
colours  produced  by  both  fides  of  the  lens  are  mixed  at  the  general  focus  F.  But  if  the 
rays  coming  from  one  fide  be  intercepted,  thofe  which  are  refrafted  by  the  other  fide  will 
appear  in  their  proper  colours.  By  thefe  means,  and  by  employing  a  very  luminous  objefl 
furrounded  by  a  dark  ground,  and  a  high  magnifying  power,  the  leall  uncorrected  colour 
may  be  rendered  fenfible. 

The  Erft  conjefture  which  prefentcd  itfclf  on  the  obfervation  of  irregularities  of  this 
kind,  in  compound  lenfes  adjufted  fo  as  to  corre£l  the  aberration  of  the  extreme  rays,  was, 
that  the  colour  might  fomehow  proceed  from  the  compenfation  at  different  diftances  from 
the  axis  of  lenfes  not  correfponding  as  the  plane  furfi^ces  6f  prifras  everywhere  do.  Trials 
on  the  images  formed  by  the  central  parts,  and  afterwards  by  the  parts  near  the  circum- 
ference, proved,  however,  that  this  conjefture  did  not  reach  the  caufe.  Subfequent  expe- 
rinoents  and  examinations  of  the  coloured  fringes  led  the  author  to  the  true  caufe,  that  is 
to  fayi  the  want  of  proportionality  in  the  difperfive  powers  of  the  diflferent  mediums,  as  has 
been  already  ftated.  It  remained,  therefore,  to  difcover,  by  a  new  procefs  of  experimental 
enquiry,  the  adequate  remedy  for  fuch  an  extreme  fource  of  imperfeftion.  This  led  to  the 
valuable  dodrine,  that  one  clafs  of  difperfive  mediums  throw  the  green  nearer  to  the  violet, 
while  another  clafs  throw  the  fame  colour  nearer  to  the  red,  than  is  feen  in  the  fpe^rum 
formed  by  crown-glafs  and  other  mediums,  which  difperfe  but  in  a  fmall  degree.  Thefe 
medhuns  vrere  therefore  applied  in  oppofition  to  each  other,  to  corre£):  this  fecondnry 
aberration  in  lenfes  more  compounded  than  might  have  been  required  if  fuch  a  difficulty  had 
notprefcnted  itfelf.  And  laftly,  the  gi eater  degree  of  compofition  in  thefe  perfeft  lenfes 
was  got  rid  of  by  the  happy  expedient  of  mixing  the  two  diflerent  kinds  of  difperfive  me- 
diums, which,  as  it  fortunately  turned  out,  did  produce  a  compofition  of  an  intermediato 
nature,  with  regard  to  tliis  proportionality  in  the  arrangement  of  the  prifmatic  colours. 

It  has  already  been  remarked,  in  the  order  of  tliis  abridgement,  that.  In  metallic  folutions 
and  eflential  oils,  the  green  light  is  among  the  lefs  refrangible  rays  *,  but  that,  in  the  marine 
and  pitrous  acids,  the  famfe  green  light  becomes  one  of  the  more  refrangible.  It  was  not 
probable  that  the  efiential  oils  could  be  united  with  marine  ncid  fo  as  to  form  a  colourlef) 
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fluid- fit  for  optical  ufcs ;  but  nothing  could  be  better  adapted  for  this  purpofc  than  metjlHo 

foluticn.1. 

The  firll  trial  was  made  with  butter  of  antimony.  On  incrcafing  the  proportion  of  ma- 
rine acid,  the  fringes  of  green  and  purple,  which,  being  the  intermediate  rays,  were  irre- 
gularly refra£lt:d  by  the  metallic  folution,  grew  narrower  and  narrower,  till  they  entirely 
difappearcd  j  and  if  more  was  then  added,  they  re-.ippcared  in  an  inverted  order.  The  fame 
thing  wjs  tried  with  a  folution  of  crude  fal  ammoniac  and  corrolivc  fublimatc.  With  a  cer- 
tain proportion  of  thefe  two  fubtlances,  tire  rays  of  all  colours  emerge  from  the  compound 
objcfl-glafs  equally  refradled.  If  the  proportion  of  the  ammoniacal  fait,  and  confequcntly 
of  the  marine  acid  it  contains,  be  increafed,  the  green  rays  which  were  the  mean  refrangible. 
In  the  difperfive  fluid  as  well  as  in  crown-glafs,  draw  nearer  to  the  violet,  making  a  part  of 
the  more  TL-frangiblc  half  of  the  fpcc\rum,  and  confequcntly  emerge  lefs  tefraclcd  than  the 
unitid  red  and  violet  rays,  and  are  converged  to  a  focus  at  a  greater  diilance  from  tho 
«bje£l-ghfs;  fo  that  the  green  fringe  now  appears  within  the  focus,  and  the  purple  fringe 
beyond  it.  But,  on  incrcafing  the  proportion  of  mercurial  particles,  thefe  fame  green  rays 
fliift  their  Ctuation  to  the  lefs  refrangible  half  of  the  fpeflrum,  which  appears  from  their  now 
emerging  nioft  rcfraftcd,  and  being  converged  to  a  point  nearer  to  the  objcit-glafs  than  the 
united  red  and  violet,  whofe  refraogibility  docs  not  appear  to  be  affe£fed  Ky  thefe  admixturei 
which  occjfioii  fuch  remarkable  fluctuations  in  the  refrangibility  of  the  green  rays  and  other 
intermediate  orders.  It  may  poifibly  fccm  ftrange  at  firil  view,  that  the  green  rays  Ihoutd 
emerge  moil  refra£lcd  from  the  compound  objcfl-glafs,  when  their  refrangibility  in  the 
difperfive  medium  is  diminilhed,  and  leail  rcfrafled  under  the  contrary  circumftances.  Tlio 
caufeof  this  is,  that  the  principal  refradJon  of  the  compound  objeia-glafs  Is  performed  by 
the  indifperfivc  convex  lens,  which  is  oppoGte  to  the  rcfrai5iion  produced  by  the  difperCva 
concave. 

Fig.  7.  reprefents  an  objedt-glafs  of  this  kind  in  Dr.  Blair's  poiTelTion,  in  which  tho 
metallic  particles  are  fo  far  dimint{hed,  and  the  particles  of  marine  acid  To  far  increafed,  ai 
to  render  the  refra£tion  of  the  feveral  orders  of  rays  proportional  in  both  mediums. 
There  arc  two  rcfraflions  in  the  confine  of  glafs  and  the  fluid,  but  not  the  leaft  colour 
whatever.  Hence  it  is  inferred  that,  notwithHanding  the  confiderabJc  diflercnce  of  denliiy, 
and  the  refraction  which,  on  account  of  the  anterior  furlace  being  plain,  and  the  pofterior 
furface  fpherical,  having  the  focus  of  parallel  rays  for  its  centre,  is  performed  only  at  the 
two  furfaces  of  the  fluid,  there  is  no  unequal  refrangibility  of  light.  The  rays  of  dif- 
ferent colours  arc,  as  the  Dofior  obferves,  bent  from  thclt  reflilineal  courfc  with  tho 
fame  equality  and  regularity  as  in  refradlion. 

As  cudom  has  already  appropriated  the  word  Achromatic  to  that  kind  of  refraAion  in 
which  (here  is  only  a  partial  correfllon  of  colour,  the  author  propofes  to  diftinguiOL  this 
entire  removal  of  aberration  by  the  term  Aplanatic. 

Thus  far  1  have  endeavoured,  partly  by  abridgement,  partly  by  extracts,  and  partly 
by  taking  greater  liberties  of  narration  and  arrangement,  to  convey  the  fubllancc  of 
Dr.  Blair's  important  difcoverles  to  the  public.  It  is  now  fome  years  fince  the 
attention  of  the  world  was  iirll  directed  to  his  improvements.  I  have  therefore  been 
induced  40  make  enquiry,  among  the  artifts  of  this  metropolis)  into  the  ftate  of  the 
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endrrtaking  confidcrcd  as  a  manufaflory.  Thefe  enquiries  led  me  to  the  Doflor  him- 
StM;  from  whom  I  underdand,  that  all  the  practical  diflicuUies  are  removed,  and  that 
the  delay  which  has  prevented  the  philofophical  world  from  being  yet  fupplied  with 
thefe  inftrumcnts  has  arifen  merely  from  the  interruption  of  engagements.  Aiid  as  I 
have  rcafon  to  expe<il  fomc  communieations  from  him  on  this  fubjeiS  in  future,  it  becomes 
unnecclTjry  to  enter  into  any  of  thofe  remarks,  in  this  place,  which  the  immediate  con- 
fideration  of  the  fubjcd  might  fuggcft. 


n. 

A  Rfmarkahle  Efftc!  cf  the  Inflexion  of  Light  pajfing  through   Wift  Chth,  net  >-(  clearly 
txploified. 

*N  the  (econd  vohime  of  the  Tranfa£lions  of  the  American  Philofophtcal  Society,  p.  3of, 
an  optical  problem  is'  propofed  in  a  letter  from  Mr.  Hopkinfon  to  Mr.  David  Riiteii- 
houfe,  who  has  given  a  folution  In  his  anfwer.  Mr,  Hopkinfon,  flpon  looking  through 
the  threads  of  a  filk  handkerchief,  held  clofc  before  his  face,  at  a  dlftant  lamp,  was  furprifcd 
to  obferve  what  he  thought  to  be  the  threads  magnified ;  and  Hill  more,  that  thefe  fup- 
pofed  threads  remained  llationary,  notwithftanding  any  motion  he  gave  the  handkerchief 
to  the  right  or  left. 

Mr.  Rittcnhoufe,  in  his  remarks  on  this  phenomenon,  obfervcs  very  jufHy,  that  the 
appearance,  which  is  that  of  certain  luminous  points  regularly  arranged  in  right  lines 
crofling  each  other,  cannot  conGfl  of  any  image  of  the  threads  of  the  handkerchief,  but 
muft  be  certain  images  of  the  lamp  formed  by  the  iiifledliOTi  of  light  palhng  near  the 
threads.  He  appears  to  have  confidered  the  handkerchief  as  a  very  imperfe<£l  inftrument., 
and  therefore  too  hallily  threw  it  afidc  for  an  inftrument  confifting  of  parallel  hairs  not  crofled 
by  others.  With  this  he  obferved  that  tlie  line  of  light  or  portion  of  the  (ky  fecn  through 
3  wiiidow'fliutCer  very  nearly  clofed,  appeared  multiplied,  fo  as  to  confift  of  three  parallel 
lines  almoft  equal  in  brightnefs,  and  on  each  fide  four  or  five  others,  much  fainter,  and 
growing  more  faint,  coloured  and  indiftin£l  the  farther  they  were  from  the  middle  line-. 
When  the  hairs  were  thicker,  but  at  the  fame  diftance  apart,  or  numbet  in  the  inch,  fo  aa 
to  diminifii  the  opening  between  them,  the  middle  lines  were  lefs  bright,  but  the  others 
Ilronger  and  more  diftinft ;  and  he  could  count  fix  on  each  fide  of  the  middle  line  feem- 
ing  to  be  equally  diftant  from  each  other,  eftimaiing  tlie  diftance  from  the  centre  of  the 
one  to  the  centre  of  the  next.  In  this  experiment,  the  hairs  were  the  190th  of  an  inch 
in  diameter,  and  were  regulated  by  pafEng  them  over  the  threads  of  a  fcrew  of  1 06  turns  in 
riic  inch  :  fo  that  the  opening  or  interval  between  hair  and  hair  was  -i-^th  of  an  inch.  The 
middle  line  was  well  defined  and  colourlefs;  the  next  two  were  likewife  pretty  well  defined; 
but  fomething  broader,  having  their  inner  edges  tinged  with  blue  and  their  outer  with  red. 
The  others  were  more  indiftinfl,  and  confifted  each  of  the  prifmatic  colours  in  the  fame 
order  j  which,  by  fpreading  more  and  more,  feemed  to  touch  each  other  at  the  fifth  or  fixth 
line ;  but  thofe  neareft  the  middle  were  feparated  from  each  other  by  very  dark  lines  much 
broader  than  the  bright  lines. 

From  experiments  made  by  applying  this  frame  of  parallel  hairs  before  the  objcfl-glafs  of 
»  fmall  celefcope  /urnifhcd  with  a  micrometer}  he  found  that  the  poGtion  of  the  two 
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ficareft  fidc-lines  indicated  an  angle  of  defledton  equal  to  7' 45";  and,  from  cftimatc 
founded  on  the  appearance  of  the  lineff>  he  judged  that  the  other  fireaks  were  defleded  in 
angles  of  double  and  triple  the  fame  original  angle. 

After  this  ingenious  philofopher  had  proceeded  fo  far,  and  found  a  ready  folution  for  the 
fads  he  had  obferve'd,  by  referring  them  to  tiie  Newtonian  dodrine  of  infledion,  he  went 
on,  with  more  hafte  than  precifion,  to  account  for  the  appearance  exhibited  by  the  hand^ 
kerchief.  He  remarks,  that,  if  the  handkerchief  be  held  before  the  eye,  fo  that  its  threads 
may  be  difpofcd  horizontally  and  perpendicularly,  and  a  luminous  fpot  be  viewed,  the 
perpendicular  threads  will,  by  infledion,  on  the  principle  explained  in  his  frame  of  hairs, 
cauft  it  to  appear  as  a  row  or  horizontal  line  of  fpots,  for  example,  five ;  and  tljat  the 
horizontal  threads  will,  on  the  fame  principle,  convert  every  one  of  thefe  into  five  perpen- 
dicular rows ;  by  which  means,  a  fquare  figure,  compofed  of  twenty-five  luminous  points, 
will  be  feen,  of  which  he  gives  the  figure. 

On  thefe  laft  indudioijs  it  may  be  fufiicient  to  remark,  that  though  his  frame  of  parallel 
hairs  might  have  converted  a  real  row  of  luminous  points  into  fuch  a  fquare,  yet  it  is  in- 
conceivable how  the  fame  efFed  could  have  followed,  with  regard  to  rays  of  light  which 
mud  have  already  pafied  through  the  handkerchief  in  order  to  receive  the  firll  modifica- 
tion. But  as  Mr.  Rittenhoufe,  from  his  figure  of  25  fpots,  which  are  in  no  cafe  produced 
by  the  handkerchief,  fliews  that  he  did  not  (Iridly  attend  to  the  phenomena,  but  wrote  in 
this  inftance  from  recoUedion  and  reafbning,  I  (hall  difmifs  thefe  particulars  of  the  original 
obfervers,  and  mention  the  fads  I  have  myfelf  remarked. 

When  this  problem  was  firft  pointed  out  to  me  a  few  months  ago  by  a  very  adive  pro- 
moter of  the  fciences,  I  took  the  earlieft  opportunity  of  looking  at  a  (Ireet  lamp  through  a 
piece  of  muflin  containing  one  hundred  threads  in  the  inch.  Inftead  of  one  fpot  of  lights 
there  appeared  ninei  four  of  which  occupied  the  comers  of  a  fquare,  one  the  centre,  and 
four  others  the  middle  points,  in  a  right  line  between  the  comers.  Upon  examining  them 
with  an  achromatic  perfpedive  magnifying  fourteen  times,  I  (aw  that  the  fpots  were  true 
images  of  the  flame  of  the  lamp»  the  central  ojie  being  perfed,  all  the  others  coloured, 
with  the  red  outermoft,  and  the  corner  lights  leaft  luminous  and  diftind.  It  made  no 
difference  in  the  appearance,  whether  the  cloth  was  applied  clofe  to  the  objed-glafs,  or 
at  any  diftance  to  which  the  arm  could  reach  before  it ;  or  moved  fideways  in  its  own 
plane;  but  the  apparent  dimenfions  of  the  Oquate  were  lefs  when  the  cloth  u^s  applied 
between  the  objed-lens  and  its  focal  image,  in  proportion  ^by  eftimate)  as  the  difiance 
of  the  cloth  from  the  focus  was  lefs.  When  coarfer  muilins  were  ufed,  the  fquare  was 
fmaller  according  to  the  coarfenefs,  but  in  what  proportioi^  was  not  examined,  becaufe  it 
was  fuppofed  to  follow  no  very  Cmple  ratia.  No  efied  of  this  kind  took  place  with  the  ob- 
jed-glafs of  a  microfcope. 

From  thefe  fads  I  inferred  as  follows  :«r^The  middle  flame  is  formed  of  all  the  pencils  of 
light  which  pafs  through  the  central  parts  of  the  botes  in  the  cloth  without  any  defledion. 
The  four  flames  in  the  middle  of  the  fides  of  the  fquare,  are  formed  by  the  pencils  of 
light  infleded  towards  the  (hprt  threads  bounding  each  fquare  bole  in  the  cloth,  affifted  by 
the  defledive  power  of  the  oppofite  threads  refpedively.  The  corner  flames  are  formed  by 
the  combined  adion  of  the  two  threads  contiguous  to  the  angles  of  every  hole }  the  fum  of 
which  force,  ading  in  the  diagonal  witb^  {lower  varying  from  the  diftance  of  the  refpedive 
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parts  of  the  lines  about  the  angle,  cannot  produce  an  image  fo  clear  and  definite  as  the 
fides  The  images  arc  fjither  afunJcr  the  finer  the  cloth,  becaure  the  neirners  of  the  thread* 
incrcafes  the  infleclJon,  infamuch  that  when  the  interval  is  about  ^ja^th  of  an  inch  there 
will  be  no  central  image  *■  As  the  image*  are  produced  by  an  equal  number  of  claffes 
of  pencils  parallel  to  each  other,  any  motion  of  the  cloth  either  parallel  or  perpendicuiar  to 
its  own  plane  before  the  objea  glafs  will  not  affea  them,  becaufc  they  come  to  the  objeit- 
lens  under  the  fame  circumftanccs  of  paralHifm.  But  when  the  deflections  were  made 
by  ihc  cloih  between  the  objecl-lens  and  its  focus,  the  politions  or  diftance  of  the  images 
were  affefled  more  or  Icfs  upon  the  principle  of  the  prlTmatic  micrometer.  And,  laflly, 
the  microfcope  docs  not  (hew  this  effeft,  becaufe  the  rays  from  the  object,  not  being  parallel, 
arc  not  uniformly  deSedcd,  and  have  no  virtual  foci. 

I  was  well  fatisfied  at  firll  with  this  theory,  and  ftill  think  the  grcateft  part  will, 
upon  further  examination,  prove  to  be  well  founded.  But  upon  repeating  the  expf^ri- 
ment  with  a  piece  of  new  cloth  mnde  of  br.ifs  wire  about  fifty-five  threads  in  the  inch, 
the  wire  itfelf  being  by  eitimaic  about  the  f{-^i\i  of  an  inch  thick,  other  lights  became  vifi- 
ble,  the  caufe  of  which  does  not  appear  fo  obvious.  Bcfides  the  fquarc,  confiding  of  nine 
lights,  there  were  orhers  much  fainter,  more  coloured,  and  etongsted,  as  in  Fig.  1 1.  In  order 
to  difcern  thefe  to  the  greateft  advantage,  the  fmall  focal  imaj'C  of  the  fun  was  viewed  in 
a  concave  metallic  reBedor  of  two  Inches  focus,  by  means  of  the  achromatic  pcrfpe£live 
before  mentioned,  at  the  diflancc  of  nine  feet,  with  a  power  of  only  eight  |.  All  the 
images,  except  that  in  the  icntrc,  were  coloured  fpedra,  extremely  brilliant  and  beautiful  j 
the  original  nine,  however,  Hill  retaining  their  pre-eminence.  They  were  fainter  and  more 
dongaied,  the  more  remote  from  the  centre  to  which  they  all  pointed;  that  is  to  fay,  an  ima- 
1  ginary  line  drawn  through  the  middle  of  all  the  colours  of  any  one  of  the  fpeflra,  would  have 
i  interfered  the  central  colourlefs  fun.  Nevertbelefs  their  arrangement  with  regard  to  each 
Other  was  not  radial,  but  in  lines  forming  prolongations  of  the  fides  of  the  middle  fquarc, 
as  in  the  figure  of  the  cloth  ;  thefe  lines  were  parallel  to  the  threads.  The  interval  be- 
tween each  range  of  images,  mcafured  from  the  centre,  was  greater  the  farther  off",  but  not 
regularly  increafing  ;  thofe  near  the  middle  fquare  being  almoft  equal.  Seven  ranges  were 
cotinted  beyond  the  fquarc  on  each  fide,  and  a  very  long  triple  line  of  whltilh  faint  light 
extended  ftill  farther.  There  were  alfo  a  great  number  of  much  fainter  images  irregularly 
fcaltered  in  the  angular  fpaces  between  the  crofs,  all  pointing  to  the  centre,  and  pro- 
duced, as  !  conjectured,  by  irregularities  In  the  cTotfi. 

As  the  dillance  of  the  cloth  before  the  objed-glafs  did  not  affefl  the  pencils  of  light, 
it  readily  occurred,  that  by  inclining  its  plane  to  the  axis  of  vifion  in  fuch  a  manner  at 
tbat  one  fet  of  the  wires  might  ftill  remain  perpendicular  to  that  axis,  the  other  fct 
would  apparently  crowd  together,  and  diminilh  the  openings  through  which  the  rays  were 
to  pafs.  In  this  manner  the  cloth  might  be  made,  in  eiFeil,  of  any  required  fineiiefs.  When 
the  crofs  wire  or  weft  of  the  cloth  was  Inclined  to  the  axis,  that  part  of  the  crofs  in 
Fig.  II  which  corrcfponded  with  the  dircftion  of  the  inclined  wires,  had  the  intervals  of 
its  fpeflrt  enlarged,  at  the  fame  time  that  they  became  broader  and  more  coloured,  but 
fainter,  and  in  particular  the  central  colourlefs  image  nearly  vaniOied.     I  have  no  doubt 


*  Ncwton'i  Optics,  III.  obf.  h. 
+  This  was  for  the  fake  of  light,  at  llie  chamber  w: 
mJ  I  inch  Bpenurt  beart  a  magnifying  power  of  fifty,  1 


It  darltened.    The  objeit-glali   of  9   itches   focus 
)ut  producing  any  lolyur. 

but 


16 


V  BU^rka!  hijirumtnt. 


but  it  would  liave  difappeared  totally,  if  the  want  of  pcrfefl  flatncfs  in  tlic  cloth  had  not 
prcvemeil  its  being  inclined  beyond  a  certain  angle  with  regularity.  The  branches  of  the 
ciofs  at  right  angles  to  the  inclined  wires  alfo  nearly  vaniftied. 

But  when  the  warp  or  longitudinal  wires  were  inclined  to  the  axis  of  viCon,  the  -images 
were  altered  in  their  relative  bnghtnefs  and  poGfion,  in  a  manner  which  it  would  be  too 
prolix  to  relate,  Thefe  changes  terminated  in  an  hexagon  with  Hit  radii,  as  in  Fig.  12.  when 
the  inclination  was  about  45  degrees.  In  this,  as  in  all  the  changes,  the  fpedlra  were  co- 
loured  with  the  red  farthcft  from  the  centre,  and  they  all  pointed  to  the  centre.  Thi« 
uneKpe£ted  appearance  led  to  an  examination  of  the  cloth  by  a  fimple  magnifier  in  both 
pofuions  of  inclination,  when  it  was  found,  that  in  the  firft  defcribed  pofiiion  the  inter- 
lllces  of  the  wires  appeared  to  be  nearly  long  fquares,  or  parallelograms ;  but  in  this  lad 
defcribed  po  fit  ion  the  threads  of  the  warp  being  in  reality  bended  by  the  operation  of  weav- 
ing over  the  weft,  in  angles  of  about  35°  out  of  the  plane,  did  apparently  meet,  fo  as  to 
leave  apertures  of  the  form  of  equiangular  triangles,  and  no  doubt  caufcd  the  hexagonal 
combination  in  Fig.  la. 

After  this  imperfect  defcriptlon  of  a  phenomenon  of  fome  curiofity,  I  muft  decline  en- 
tering into  any  difculTion  of  the  confequences  to  which  it  fcems  to  lead.  Sir  Ifaac  New- 
ton's Experiments  on  Inflcdilion,  with  the  edges  of  two  knives,  arc  fimple,  and  at  firft  coa- 
(iticration  do  not  appear  diflicult  to  be  underftood.  Yet,  Cmple  as  they  are,  there  arc  cer- 
tainly many  variations  yet  to  be  made,  and  adraeafurements  to  be  taken,  before  the  popular 
exphnaiions  of  the  mutual  agency  of  bodies  and  light  upon  each  other  can  be  admitted 
without  helJtation.  Tliis  proccfs  of  examination  affords  fome  peculiar  facilities,  on  account 
of  the  great  quantity  of  light  which  is  fimilarly  atTefled,  and  the  poflibility  of  applying  a 
magnifying  power  and  micrometer.  Subfequent  meditation  may  perhaps  fuggeft  the  caufc 
why  the  radii  in  thefe  figures  are  triple,  and  parallel  to  each  other,  while  all  the  fpeflra  indi- 
vidually diverge  from  a  centre  :  but  1  have  rather  chofen  to  refer  them  as  they  are  to  the  ex- 
amination of  philofophers.  And  I  am  the  more  induced  to  hope  that  this  examination  will 
be  made,  when  It  is  confidered,  that  the  appearance  prefents  itfelf  through  any  fine  muflin  or 
cambric  to  the  naked  eye,  though  ftlll  better  with  the  opera-glafs  or  pcrfpeflives,  which  arc 
in  the  hands  of  every  one,  and  that  the  wirc-cloth  of  fine  ficves  or  winc-ftrainers  is  a  ma- 
terial eafy  to  be  procured, 


Difcrlpiltii  of  an  Injlrutnent  "which  Teniers  tht  Ele^ridty  0/  tht  Atmafphtre  and  other  weak 
Charges  very  perceptible,  wilheut  the  Pojftbtlxty  of  an  equivocal  Refult. 

JIn  the  year  1 787,  wlicn  the  eleflrical  doubter  engaged  the  attention  of  philofophers,  for  its 
altonifliing  power  of  magnifying  the  minulell  quantity  of  fimple  ele£lricity,  and  the  fubfc- 
quent  difcovcry  of  its  fpontaneous  cleftricity  had  greatly  reduced  its  apparent  utility,  I 
had  the  pleafure  of  a  converfation  with  the  Reverend  Abraham  Bennet,  of  VVlrkfworth, 
the  inventor,  who  IheWcd  me  his  method  of  depriving  this  inftrument  of  much  of  its  adhe- 
rent cle£Vricity,  by  working  it  for  a  time  with  all  its  parts  In  communication  with  the  earth. 
But  at  the  fame  time  he  temaiked,  that  if  he  were  to  make  an  inllrumem  in  which  this 
7  ekaricity 
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elcAricity  fhouM  be  totally  removed,  he  would  have  recourfe  to  a  fimple  multiplier,  and 
not  a  doubler.  I  did'  not  apprehend  the  contrivance  from  this  flight  defcriptioni  which  at 
my  requeftj  however,  he  readily  extended,  and  convinced  me  of.  the  full  value  o£  his  in- 
vention. I  then  mentioned  my  intention  to  conflruA  an  inftrument  on  that  principle^ 
which  foon  afterwards  I  did.  It  was  fliewn  to  Sir  Jofeph  Banks  and  his  friends,  at  his 
houfe,  nearly  at  the  fame  time,  and  in  the  fame  year  transferred  to  the  celebrated  Mr.  van 
Marum  of  Harlem,  who  now  poflefles  it.  From  various  other  avocations,  I  was  prevented 
from  caufing  any  others  to  be  made.  It  is  not  therefore  wopderful  that  the  fame  thought 
fliould  fince  have  occurred  to  fo  great  a  mafter  of  the  fubjeA  as  M.  Cavallo,  who  in  the 
third  volume  of  his  £le£tricity,  publiflied  in  17959  gives  a  defcription  and  engravings  of  an 
inftrument  very  different  in  form,  but  the  fame  in  principle.  The  form  I  have  given  it, 
which  is  all  the  (hare  I  had  in  the  contrivance,  is  more  calculated  for  a  fpeedy  repetition 
of  the'procefs  than  M.  Cavallo's :  but  his  inftrument  is  much  eafier  to  be  made  by  one  who 
is  not  profeflionally  a  workman.  Mr.  Bennet's  notion  with  regard  to  form  was  very  difier- 
ent  from  either.  Both  inftruments  have  the  property,  that  a  fimple  or  fmall  aggregate  of 
ele£tricity  will  not  be  multiplied  ualefs  its  intenfity  exceed  that  of  the  adherent  eledricity 
of  the  plates,  fuppofed  to  be  contrary^   and  both  are  capable  of  deftroying  their  own  elec* 

,  tricity,  and  exhibiting  unequivocally  what  they  receive  by  communication,  however  weak  it 
may  naturally  be,  provided  the  fupply  be  kept  up.  They  are  both  alfo  limited  as  to  the 
extent  of  their  multiplication  %  that  is  to  fay,  the  efie£l  will  be  denoted  by  a  fixed  number 
or  multiplier,  (b  long  as  the  neareft  diftance  of  the  plates  <:ontinues  unaltered.  For  ex- 
ample, if  this  number  were  100,  the  inftrument  would  (hew  no  ele£lricity  which  was  lefs 
intenfe  than  the  -r^th  part  of  what  the  ele£lrometer  demanded  to  a£l  upon  it.  This  co- 
efficient is  neverthelefs  capable  of  being  enlarged  at  pleafure,  by  adjufting  the  plates  to  a 
lefs  diftance  afunder. 

Fig.  8.  reprefents  a  vertical  fe^ion  of  the  inftruments.  A  is  a  nsetallic  vafe,  having  a 
long  iteel  axis  which  pafles  through  an  hole  in  the  ftand  H  at  K,  and  refts  on  its  pointed  end 
in  an  adjuftable  focket  at  C.  The  ufe  of  the  vafe  is,  by  its  weight,  to  preferve,  for  a  confi- 
derable  tim^,  the  motion  of  fpinning  which  is  given  by  the  finger  and  thumb  applied  to  the 
nob  at  the  top  of  the  inftrument.  The  (haded  parts  D  and  £  reprefent  two  circular  plates  of 
glafs  nearly  i\  inch  in  diameter.  The  upper  plate  is  fixed  to  the  vafe,  and  revolves  with  it  \ 
the  lower  is  fixed  to  the  ftand.  In  the  lower  plate  are  inferted  two  metallic  hooks,  diame- 
trically oj)pofite  each  other,  at  F  and  G.  They  are  cemented  into  holes  drilled  in  the  edge 
of  the  glafs,  which  is  near  two-tenths  of  an  inch  thick.  In  the  upper  plate  are  inferted  in 
the  fame  manner  two  fmall  tails  of  the  fine  flatted  wire  ufed  in  making  filver  lace.  Thefe 
tails  are  bended  down  fo  as  to  ftrike  the  hooks  in  the  revolution,  but  in  all  other  pofitions 

'  they  remain  freely  in  the  air  without  touching  any  part  of  the  apparatus.  At  C  is  a  fcrew, 
wliich  by  raifing  or  lowering  the  vafe  keeps  the  faces  of  the  glafs  plates  from  each  other 
at  whatever  diftance  may  be  required.  The  faces  of  the  glafs  plates  which  are  oppofed  to 
«ach  other  are  coated  with  fegments  of  tin  foil,  as  reprefented  Fig.  9  and  10,  the  latter  of 
which  reprefents  the  upper  plate.  Each  of  the  tails  communicates  with  the  tin  foil  coat- 
ing to  which  it  is  contiguous,  as  does  alfo  the  hook  F  with  that  coating  of  the  lower  plate 
4ieareft  to  it.  But  the  hook  G  is  entirely  infnlated  from  the  whole  apparatus,  and  is  in- 
tended to  communicate  only  with  the  ele£trlfied  body  or  atmofpherical  condudor  L. 
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The  lower  coating  neareft  to  G  is  made  to  communicate  permanently  with  the  ftanil  ff, 
and  confequently  with  the  catth. 

In  this  (ituacion,  fuppofe  the  motion  of  fpinning  to  be  given  to  the  apparatus,  and  the  e& 
fefts  will  be  thefe :— One  of  the  tails  will  ilrike  the  hook  G,  by  which  means  the  uppeir 
coating  annexed  to  that  tail  will  aflume  the  eleftric  (late  of  L  by  communication.  But 
this  ftate,  on  account  of  the  proximity  of  the  lower  uninfulated  plate  to  which  it  is,  at  that 
inftant,  dirc£lly  oppofed,  will  be  as  much  ftronger  than  that  of  L|  as  a  charge  exceeds  fimple 
ele&rization.  The  tail  G  with  its  plate  or  coating  proceeds  onward,  and  after  half  a  reto«- 
lution  arrives  at  the  fituation  to  touch  the  hook  F.  The  upper  coating,  the  lower  on  the 
fide  of  F,  the  hook  F  itfelf,  and  the  tail  V,  mud  then  conftittrte  one  jointly  infulatect 
metallic  mafs,  in  which  no  charge  fubfifls,  but  which  is  Amply  electrified  by  the  whole 
charge  received  at  G.  And  of  this  mafs  the  furfaces  of  the  plates  themfelves,  conftitutmg 
the  ele£kric  well  of  Franklin,  will  throw  out  all  their  ele£tricity  to  the  hook  and  tail.  But 
the  coating  and  its  tail  inftantly  pafs  round,  leaving  F  ele£lrified,  and  proceed  to  bring 
another  charge  from  G  and  depofit  it  as  before.  The  balls  at  F  are  therefore  very 
fpeedily  made  to  diverge.  It  is  fcarcely  neceflary  to  remark,  that  the  two  upper  coatings  do 
](}othing  more  than  double  the  fpeed  of  the  operation ;  one  of  the  tails  being  employed  in 
collecting,  while  the  other  is  depofiting :  and  that  the  gold  leaf  elcArometer  may  be  ad- 
vantageoufly  fubftituted  for  the  cork-balls. 

The  inftrument  I  cavfed  to  be  made  was  five  inches  high.  The  receiving  fide  G  was 
connected  with  a  coated  jar  of  four  fquare  feet  coating,  and  the  giving  fide  F  was  con- 
nected with  Bennet's  gold  leaf  eleClrometer.  The  eleCtrometer  was  rendered  as  ftrongly 
poGtive  as  it  was  capable  of  being,  and  the  jar  was  rendered  negative,  by  giving  it  as 
much  of  that  power  as  was  produced  by  drawing  a  common  ftick  of  fealing-wax  once 
through  the  hand.  In  this  ftate  the  jar  was  incapable  of  attraCtii^  the  fined  threads 
The  vate  was  then  made  to  fpin  \  and  the  effeCl  was,  that  the  leaves  of  the  eleCtrometer 
firft  gradually  collapfed,  and  then  in  the  fame  manner  gradually  opened,  and  firuck  the 
fides  of  the  glafs  of  the  eleCtrometer  with  negative  eledricity.  The  experiment  was  re<^ 
newed  and  repeated  with  every  requifite  variation. 


IV. 

Ohfervations  on  the  Art  of  Printing  Books  and  Piece  Goods  hy  the  ABion  of  CjUndirs^ 

«— —  Experto  credite. 

W  E  may  conceive  three  ways  of  delineating  figures,  or  writing.  The  fiift  and  molt 
ancient  confifts  in  making  the  traces  fucceOBvely  by  a  brufii,  a  pen>  or  other  inftrument* 
This  is  defign,  painting,  or  writing.  In  the  latter  methods,  either  the  whole  or  the 
greater  part  c^  the  figures  are  made  by  the  a&ion  or  prefliire  of  an  original  pattern^ 
againft  the  material  intended  to  be  written  or  painted  upon.  It  is  the  art  of  printing.. 
The  colouring  matter  is  either  depofited  from  the  face  of  prominent  parts  of  the  original 
form,  which  is  ufually  called  a  block  or  type ;  or  elfe  it  is  prefled  from  cavities  cut  in 
the  face  of  the  original^  w^ch  in  this  cafe  i$  called  an  engraved  plate.    Moft  books  avc 
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printed  from  original  patterns,  in  relief;  and  mofl  of  the  Imitations  of  paintings  are  per- 
formed by  means  of  engravings.  Thefe  arts  are  mod  frequently  diftinguiflied  by  the  names 
of  letter-prefs  and  copper-plate  printing. 

It  can  fcarcely  be  matter  of  new  information  to  thofe  who  are  but  moderately  acquainted 
with  the  (late  of  the  Arts,  to  be  told  that  letter-prefs  or  book-printing  is  performed  by  an 
^iTemblage  of  fingle  metallic  letters,  called  types,  made  of  lead  hardened  by  an  addition 
of  antimony  in  the  metallic  (late ;  that  thefe  letters  are  compofed  in  tlie  form  of  book  pages^ 
and  wedged  together  in  iron  frames  called  chafes  \  that  the  ink  is  a  compofition  of  linfeed 
oil  and  lamp  black,  of  fo  fmgular  a  nature,  that  it  will  adhere  to  a  ball  covered  with  a  pelt 
or  (heep's  (kin  foaked  ^n  water,  and  kneaded  to  extreme  foftnefs  under  the  feet,  but  quits 
this  (kin  with  great  readinefs  to  apply  to  the  face  of  the  letter  when  dabbed  with  the  ball ; 
and  dill  more,  that  it  almoft  totally  quits  the  letter  to  adhere  to  paper  rendered  femi- 
tranfparent  by  foaking  in  water  \  or  ladly,  that  the  paper  is  applied  and  prefled  againft  the 
form  of  compofed  letter  by  means  of  a  flat  piece  of  wood  urged  downwards  by  a  fcrew. 
Thefe  and  numerous  early  difcovered  principles  of  this  mod  ufeful  art  are  generally  known> 
and  require  no  more  than  mere  recapitulation  in  this  place. 

The  genius  of  the  Chinefe  language  not  permitting  that  people  to  analyfe  its  founds  into 
an  alphabet^  as  has  been  done  by  mod  other  nations,  has  induced  them  to  retain  thofe  (igns 
of  things,  and  of  their  correfpondent  words,  which  probably  condituted  the  fird  pidiire  or 
hieroglyphic  writings  of  every  rude  fociety.  Changed  and  complicated  as  thefe  may  have 
become  by  the  rapidity  of  tranfcription,  the  corruption  of  ignorance,  or  whatever  other 
caufes  may  have  operated  through  a  long  fucceflion  of  ages,  they  dill  for  the  mod  part  ufe 
words  that  properly  denote  things,  and  not  founds.  Such  words  cannot,  therefore,  be  fub- 
divided ;  and  it  has  accordingly  been  found  mod  convenient,  by  thefe  fird  po(re(rors  of  the 
^rt,  to  print  from  entire  blocks,  as  was  alfo  done  by  the  fird  printers  in  Europe.  But  our 
artids  foon  difcovered  that  a  few  of  the  fimpled  charadlers,  namely,  the  letters  of  the  al- 
phabet, would  be  in  many  refpe£ls  more  ufeful,  as  the  elements  for  compofing  blocks  for 
printers,  than  a  number  of  blocks  originally  cut  for  every  page  of  every  individual  book. 

Book-printing,  therefore,  though  in  fadl  of  the  fame  nature  as  block-printing,  has  been 
carried  into  efie£l  by  very  different  machinery  from  that  made  ufe  of  in  the  arts  which 
ftill  retain  the  latter  method.  In  book-printing,  the  heavy  metallic  form  lies  on  a  kind  of 
table,  and  the  colour  and  the  paper  are  fucceffively  applied  to  its  face :  but  in  block-print- 
ing, the  block  is  carried  and  applied  to  the  colour,  and  afterwards  to  the  work  intended  to 
be  printed.  Thus,  for  example,  in  the  printing  of  paper-hangings,  the  colour  is  fpread 
with  a  bru(h  upon  a  woollen  cloth  dretched  over  a  furface  of  parchment  or  (kin  evenly 
fupported  by  a  half  fluid  mafs  of  water  and  ma(hed  paper.  To  this  the  block  is  carefully 
applied  by  a  flight  perpendicular  droke  or  two  ;  after  which  it  is  applied  to  the  dry  paper 
4on  a  table,  and  preflfed  againd  it  either  by  one  or  more  blows  with  a  mallet,  or  by  the  regu- 
lar action  of  a  lever.  The  mechanical  part  of  callico-printing  is  effe£led  nearly  in  the  fame 
manner ;  but  with  fmaller  blocks,  becaufe  of  the  greater  difficulty  of  making  the  fucceflUve 
fittings  on  fo  flexible  a  material.  And  in  both  thefe  arts,  as  well  as  in  book-printing,  in  red 
and  black,  the  variety  of  colours  are  produced  by  repeated  applications  of  forms  or  blocks, 
of  which  the  prominent  parts  are  made  to  fit  each  other  according  to  the  nature  of  the 
^Ggn. 
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In  the  art  of  printing  from  copper-plates,  a  colour  fomewhat  more  fluid  than  for  book- 
printing  is  made  u(e  of.  It  is  preiled  into  the  cavities  of  the  plate  by  fmearing  it  over  the 
furface  \  and  by  fubfequent  careful  wiping  the  redundant  colour  is  cleared  away.  In  this 
ftate,  if  foaked  paper,  for  which  purpofe  the  moil  fpongy  texture  is  the  bed,  be  ftrongly 
prefled  againft  the  plate,  by  pading  both  together  between  two  cylinders  of  metal  or 
hard  wood,  properly  defended  by  woolten  cloth|  the  greateft  part  of  the  colour  adheres  to 
the  paper,  and  forms  what  is  called  a  print. 

In  all  thefe  proceffes,  it  is  eaGly  feen,  that  in  the  fucceflive  applications  of  colour,  the  ac* 
curate  filling  of  the  form  or  original  with  the  material  mtended  to  receive  the  impreflion^ 
and  in  various  other  parts  of  the  manipulation,  there  is  much  room  for  the  difplay  of  (kill,  or 
for  injury  from  the  want  of  it.  It  may  moreover  be  collected,  that  the  motions  attendant 
oirthe  various  fteps  of  manufa£lure  are  in  many  inftances  difficult  to  be  performed  with 
rapidity  and  cafe,  until  by  long  continued  habit  the  workman  himfelf  is  converted  as  it 
were  into  a  machine.  A  very  flight  degree  of  attention  to  this  fubje£i  mud  alfo  (hew  that^ 
if  the  origkials  were  of  a  cylindric  form,  with  a  contrivance  for  regularly  applying 
the  colour  and  performing  the  fabfequent  operations,  it  would  be  eafy  to  print  books  and 
piece-goods  with  a  degree  of  rapidity  and  uniformity^  of  which  the  ufual  method  of  fuc- 
ceflive  applications  feems  fcarcely  capable  without  uncommon  care  and  (kill.  This  obvious 
conclufion  has  no  doubt  led  to  numerous  experiments ;  none  of  which,  as  far  as  I  cai> 
gather,  whatever  may  have  been  their  particular  utility,  have  given  much  promife  to  fuper-^ 
(ede  the  ordinary  methods.  But  as  the  increafed  demand  for  the  manufadure  of  printed 
goods  has  rendered  fuch  an  improvement  an  interefting  obje£):  to  manufadurers,  as  well  as 
to  thofe  indefatigable  artifts  who  have  dire£led  their  eflForts  towards  improvements;  and  as 
tlie  latter  generally  take  up  a  new  objeA  under  a  ftrong  perfuafion  that  it  has  not  beforo 
been  purfued  by  others»  it  will  certainly  be  of  advantage  to.  thefe  deferving  clafles  of  men, 
to  relate  a  few  of  Ae  difficulties  of  this  new  art. 

The  difficulties  attendant  on  ai>y  improvement  ih  the  arts  may  be  con(]dered  either  as 
moral  or  phyfical.  Under  the  moral,  I  would  clafs  every  thing  that  relates  to  the  prejudices 
of  men  in^  favour  of  the  old  methods,  and:  their  fears. of  rifk,  together  with  the  oeconomi- 
cal  and  commercial  inconveniencies  attending  the  new  procefles.  The  phydcal  difficulties 
are  fuch  as  attend  the  aA^ial  performance-  of  any  proje£^  after  the  (ame  has  been  carefully 
arranged-  in  the  mind  of  the  inventor.  It  happens  unfortunately  here  alfo  that  the  inventor 
is  feldom  aware  of  the  moral  impediments,  but  .almoft  always  concludes,  that  if  he  can 
(ucceed  in  accompli(hiQg  the  purpofe  he  has.  in  view,  his  cares  and  labour  will  then  be  at 
an  end ;  and  that  the  manufa£hxrer,  in.  particular,  infliead  of  pointing  out  new  impediments 
difcernible  only  from  long  continued  experience,  will  more  readily  embnice  and  approve  of 
tlie  new  procefTes,  in  confequence  of  his  fuperior  knowledge  of  their  intrinfic  value. 

Every  good  invention  appears  fimple  in  the  profpe£t,  but  it  fcarcely  ever  happens  in  the 
execution  that  the  mod  dired  road,  is  taken;  and  in  every  cafq  there  will  infallibly  be 
many  things  unknown  or  unforefeen,  which  pra£tice  only  can  point  out  as  neceflary  to  ba 
done  for  the  complete  accompUflunent  of  the  obje£Un  view*  Hence,  and  likewife  becaufe  few 
men  poffeiTed  of  independent  fortune  are  likely  to. engage  or  perfcvere  in.  a  labour  of  this 
kind,  it  almoft  invariably  happens  that  the  expencQS  exceed  the  ability  of  the  inventor  him- 
felf.   For  thefe  and  other  r.ea(ons>  new  undertakings  are  generally  brought  forward.by  the 
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inventori  a  man  flrongly  prejudiced  in  farour  of  his  leading  purfuiti  together  with  z. 
monejed  friendj  who  hopes  i^eedily  to  increafe  his  capital  from  the  abilities  of  the  other. 
It  is  not  neceiTary  in  this  place  to  defcribe  the  ufual  confequences  of  a  partnerihipi  where- 
the  mindSf  the  views,  and  the  circumftances  of  both  individuals  are  fo  very  different,  and 
which  may  be  modified  ftill  more  eflentially  if  either  of  the  parties  be  deficient  in  the 
common  principles  required  to  bind  men  to  each  other.  It  is  certainly  of  the  higheft  im- 
portance to  both,  that  the  circumftances  of  fiich  conne£lions  fliould  be  very  maturely^ 
weighed  before  they  are  entered  into. 

The  commercial  difficulties  or  facilities  attending  any  invention  arc  alfo  of  great 
confequence.  Every  inventor  ought  to  enquire,  not  only  what  has  been  done  before,  but 
likewife  into  the  prefent  (late  of  the  manufa£lure  he  means  to  improve.  In  this  way  it  Ts 
afcertained  how  fmall  a  part  the  mere  prefs-work  conftitutes  in  the  price  of  a  book.  He 
will  find  that  twelve  yards  of  paper-hangings  are  printed  for  one  penny,  in  a  fingle  colour,, 
by  hand,  which  afterwards  by  the  accumulation  of  price,   in  paper,  colour,  duty,  and 

Vk  ordinary  profit,  are  fold  for  three  (hillings ;  none  of  which  the  inventor  can  pretend  to  dimi- 

ni(h  :  and  if  he  could  annihilate  the  whole  labour,  his  advantage  would  therefore  be  lefs 
than  three  per  cent,  without  reckoning  the  coft  and  operation  of  his  machinery.  In  tlie 
callico-printing,  with  a  more  expenfive  materiali  dyeing  and  field  procefles,  duty  and  pro- 
fits of  manufadurer  and  vender,  the  price  of  laying  the  block  will  turn  out  to  be  an  objisffc 
ftill  lefs  confiderable.     Again  :  it  will  be  feen  that  fmall  flat  blocks  coft  but  little  money,  in 

*  comparifon  with  cylinders  of  fufficient  diameter  to  retain  their  figure,,  and  long  enough  ta 

k  ^PP^y  ^^  ^^  whole  breadth,  of  the  cloth. 

f  Under  thefe  and  other  fimilar  points  of  view,  the  inventor,  who  may  confider  the  fubje£t 

In  a  fuperficial  manner,  would  be  ready  to  abandon  his  undertaking.     But  this  again  ought 

;  not  to  be  ra(hly  done.     It  is  true,  that  where  the  great  force  of  capital  is  employed  on  ob- 

je£ls  not  comprehended  within  his  proje£l,  the  faving,  however  large  in  its  abfolutc  amount, 

or  dcfirable  to  a  manufaflurer,  will  fcarcely  come  within  the  reach  of  the  inventor  by  any 

bargain  he  can  make  (hort  of  an  a£hial  partnerftup.     But  it  may  be  po(rible  to  feparate  the 

refpeflivQ  departments  of  a  manufa£lory.     A  fpinner  is  not  neceffarily  a  weaver,  nor  » 

printer  a  linen-draper  or  a  dealer  in  paper-hangings.  The  feveral  departments  of  manufao- 

ture  and  commerce  are,  generally  fpeaking,  in  the  hands  of  acute  men,  who  feldom  reafon. 

ill  with  regard  to  the  advancement  of  their  peculiar  intereftsj  and  thefe  departments  are 

continually  fluftuating  in  their  arrangement,  as  convenience,  profit,  or  the  accumulation  of 

capital  may  lead.     Experiments  are  for  ever  on  foot,  from  day-work  to  piece-work,  and. 

from  piece-work  to  th^  employ  of  mafter-workmen  with  others  under  them,  all  fupported 

by  the  capital  of  the  large  manufafturer,  who  himfelf   in  many  inftances  is  the  mere  in^ 

ftrument  maintained  by  the  advances  or  acceptances  of  the  warehoufeman,  the  fadlor,  or 

the  merchant.     An  inventor  who  has  not  capital  may   fcek  for  employ  on  the  goods  or 

the  capital  of  others  ;  and  if  he  has  (kill  to  maintain  his  ground  a^inft  the  numerous  enten- 

prifes  which  the  a<Slivity  of  oppofite  interefts  will  raife  againft  him,  he  will  find  that  the 

old  order  of  things  will  readily  alter,  as  foon  as  an  evident  intereft  in- favour  of  the  new  is 

;■  iliewn  by  aftual  and  continued  proofs  in  the  market. 

fe  Moft  of  the  phyfical  difficulties  attendant  on  any   new  procefs  are  fuch  as  experience 

I  ^  -  *  only  can  fliew.    Thus,  in  the  forging  of  iron  by  the  preflUre  of  rollers  inllcad  of.  haniH 

s  ■  mer.s>. 
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riersj  a  fcheme  upon  which  many  thcuifands  of  pounds  have  been  expended  in  this  coun- 
try, it  was  apprehended  that  the  more  ijnpure  parts*  which  are  alTo  the  moft  fluid,  might 
be  prefTed  out  by  the  a£lion  of  cylinders,  with  equal  or  perhaps  more  advantage  than  by 
that  of  hammers ;  at  the  fame  time  that  the  determinate  figure  of  bars  of  any  required 
fize  might  be  given  without  ikill  in  the  operator.  Experience  neverthelefs  has  fhewn, 
that  the  more  fluid  part  is  driven  out  much  more  eSefiually  by  the  fudden  a£^ion  of  a 
blow,  than  by  the  flower  compreflion  of  a  cylinder,  which  allows  time  for  much  of  the 
fluid  matter  to  extend  itfelf  within  the  mafs.  Various  (imilar  eflPefts  prefent  themfelves 
when  cylinders  for  printing  are  fubftituted  inftead  of  planes.  Inftead  of  the  a£lion  of 
tabbing,  the  colour  is  ufually  applied  by  fimple  and  gradual  conta£i,  to  much  lefs  efiec^ ; 
and  the  impreflTion,  though  not  eflentially  diflerent  from  that  of  the  block,  is  performed 
by  a  gradual  a6lion,  which  affords  time  for  the  cloth  or  paper  to  fold  itfelf  in  a  minute 
degree  into  the  cavities  of  the  fculpture.  Hence  it  is  found  that  the  length  of  paper  or 
cloth  printed  from  a  cylinder  by  a  definite  number  of  revolutions,  will  be  greater  or  lefs 
than  another  piece  manufactured  precifely  in  the  fame  way,  but  with  a  lefs  or  greater 
degree  of  preflure.  In  a  block  this  defeA  is  much  lefs,  not  only  from  the  confiderable  hold 
it  takes  upon  the  furface  of  the  material,  but  alfo  becaufe  the  error  is  redlified  at  every 
fuccefiive  application.  One  of  the  chief  difEculties  of  cylinder  printing  confids,  there- 
fore, in  the  difliculty  of  laying  one  colour  after  another  \  and  this  would  continue  to  be  fo 
even  if  the  materials  were  not  fufceptible  of  change,  the  contrary  to  which  is  the  fa6l. 
There  are  two  proje£ts  for  obviating  this.  The  one  confifts  in  confining  the  whole  piece 
to-a  long  table,  or  to  the  circumference  of  a  large  cylinder,  and  caufing  the  printing  cylin- 
der to  move,  not  by  the  fucceflfive  appofition  of  its  carved  furface,  but  of  a  bearing  face 
regulated  by  a  toothed  wheel.  The  other  method  confifts  in  the  ufe  of  a  frame  to  confine 
two  or  more  cylinders,  each  provided  with  its  own  toothed  wheel,  and  revolving  againft 
a  large  clothed  cylinder  provided  with  a  fuitable  wheel  to  drive  the  others.  The  piece  is 
caufed  to  pafs  between  the  large  cylinder  and  the  others,  in  order  to  receive  the  impreflSoa 
With  regard  to  the  firft  of  thefe  methods,  it  does  not  ^pear  eafy  to  confine  paper,  and  ft:  J 
lefs  cloth,  in  fuch  a  manner  that  its  parts  may  continue  without  ihift  or  wrinkle  during  the 
aftion  of  a  cylinder,  which  not  being  allowed  to  roll  without  the  check  of  a  wheel,  muft 
draw  the  furface  either  the  one  way  or  the  other.  The  difficulty  of  confinement  will  be 
very  much  increafed,  by  the  indifpenfable  requifite  that  the  paper  flbould  be  afterwards  hung 
up  to  dry,  and  the  callico  be  carried  to  tlie  dye-houfe  and  the  bleach-field,  between  the 
fuccefiive  impreffions,  by  which  means  the  dimenfions  of  both  will  be  greatly  altered.  In 
the  fecond  method,  it  is  obfervable  that  no  colours  can  be  printed  but  fuch  as  fall  clear 
of  each  other.  In  this  way,  moreover,  the  gathering  a£tion  of  t)ie  cylinders  may  prove 
very  mifchievous.  For,  if  we  fuppofe  the  paper  or  cloth  to  pafs  between  the  great  cylinder 
and  the  firft  printing  roller  by  an  a<ftlon  of  the  latter  which  tends  to  make  it  flip  forward 
on  the  face  of  the  great  cylinder,  and  that  when  it  arrives  at  the  fecond  printing  roller  it 
there  experiences  an  a£iion  of  a  contrary  nature,  the  confequence  will  be,  that  the  material 
will  become  flack  between  the  two  rollers,  and  the  fittings  will  be  falfe.  Not  to  dwell  on 
that  experience  which  brings  forward  this  obftacle  among  other6>  its  great  probability  may  be 
deduced  from  the  allowable  fuppofition  that  the  circumference  of  the  firft  printing  cylinder 
^(hould  be  one  thoufandth  part  of  an  inch  too  large,  and  that  of  the  fecond  the  fame  quantity 
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too  (mall.  For  in  this  cafe  the  material  will  be  (hifted  onc-twcntieth  of  an  inch  in  fifty 
tUTW  by  the  firft  cylinder,  and  the  fame  quantity  in  the  contrary  direftion  by  the  fccond  ; 
a  quantity  upon  the  whole  quite  fufRcient  to  dcftroy  the  effefik  of  the  colours  in  the  pro- 
grefs  of  one  fingle  piece.  Such  minute  differences  can  hardly  be  avoided  in  the  fir(l  in* 
(lance ;  in  addition  to  which  we  may  place  the  varying  dimen(ions  of  the  printing  cylinderi 
if  not  made  of  metal ;  and  of  the  great  clothed  cylinder,  which  in  eflFcft  has  a  larger  or 
fmallcr  diameter  in  proportion  to  the  preflure  which  operates  to  render  its  elaftic  covering 
cither  thicker  or  thinner.  The  only  method  of  diminiftiing  thefe  evils  feems  to  be,  that 
all  the  printing  cylinders  fliould  by  dimen(ion  or  preflure,  or  both,  be  made  to  draw 
tlie  fame  way,  the  outer  cylinder  moft,  and  the  others  gradually  lefs  and  lefs,  fo  that  the 
material  (hould  have  a  tendency  to  apply  itfelf  more  tightly  during  its  paflage  through 
the  apparatus. 

The  application  of  the  colour  to  the  furface  of  a  cylinder  block  is  attended  with  fome 
difficulty.  An  ingenious  mechanic  may  contrive  various  means  to  produce  the  a£lion  of 
dabbing,  if  required.  When  a  (luflFed  cylinder  covered  with  cloth  is  made  to  revolve  in 
the  colour,  and  thence  after  pa(Eng  a  fcraper  to  apply  itfelf  to  the  block  cylinder,  it  is 
found  to  be  no  incon(iderable  diflliculty  that  its  dimenfions  change,  and  its  covering  becomes 
wrinkled  by  the  a£tion  of  the  fcraper  as  well  as  that  of  the  block.  A  better  method^ 
therefore,  conGfts  in  a  revolving  web  of  woollen  cloth,  like  a  jack-towel,  (Iretched  over 
three  horizontal  cylinders  parallel  to  each  other,  two  of  which  fupport  the  elaftic  furface* 
of  the  web,  which  in  its  revolution  accompanies  the  block  cylinder,  and  the  other  ferves- 
to  guide  the  fame  web  to  the  colour,  or  a  cylinder  revolving  in  it.  This  method  would 
be  very  eafy  and  pleafant  in  its  operation,  if  it  were  not  for  a  property  common  to  all 
ftraps  which  revolve  on  the  furface  of  two  or  more  wheels.  Thefe  are  obferved  always 
to  feck  the  higheft  place  5  fo  that  if  a  cutler's  wheel  were  made  with  a  groove  to  carry  a 
ftrap,  inftead  of  a  round  edge,  the  ftrap  would  infallibly  mount  the  ledge,  inftead  of  re- 
maining in  the  groove  *.  On  this  principle,  the  web  would  very  fpeedily  (hift  itfelf  to 
one  end  of  the  cylinders,  if  it  were  not  confined  fideways,  or  the  lower  roller  were  not. 
made  confiderably  thickeft  in  the  middle,  and  gradually  tapering  towards  its  extremities. 
This  laft  fimple  expedient  is  not  without  its  difficulties ;  but  as  I  have  not  a£tually  tried  it,. I 
(hall  defer  entering  into  any  difcuflion  on  that  head. 

The  running  of  the  paper  or  piece-goods  towards  one  end  of  the  leading  cylinder  is 
alfo  one  of  the  greateft  difficulties  attending  this  method  of  printing.  It  is  not  perfe&ly 
removed  by  tapering  the  leading  cylinders. 

The  nature  of  the  trade  of  paper-ftaining  in  this  country,  which  requires  a  kirge  fum  tO' 
be  immediately  vefted  in  the  payment  of  the  excife  duty,  and  confequently  prevents  any  confi«> 
derable  ftock  from  being  manufaflured  until  orders  are  a6lually  received,  and  the  varying 
fafliion&in  printed  callicoes,  which  render  the  expence  of  cutting  the  block  by  far  the  hea- 
vieft  part  of  the  difburfement  for  printing,  are  probably  the  chief  rcafons  why  manufac- 
turers in  this  country  have  been  lefs  folicitons  for  the  conftru£lion  of  machines  calculated^ 
tb  affi}rd  profit  only  in  the  cafe  of  very  numerous  impreffions.     The  phyfical  difficulties  of. 
this  art  have  likewife  confpired,  in  no  fmall  degree,  to  prevent  its  having  been  applied  ia« 
the  large  way  to  any  but  a  few  fimple  dcfigns  of  the  fort  called  running  patterns  in  one  colour. 

♦  This  curious  efit^  ariles  from  a  flexure  produced  in  the  edge  ef  the  ftrap,  by  the  elevated  part  of  the  wheel, . 
^htch  throws  the  advancing  part  of  the  ftrap  more  and  more  towards  that  deration.    It  cannot  be  explained 
in  a  few  words,  hut  may  eafily  be  fcen  by  wrapping  a  draight  flip  of  paper  round  an  extinguiflier  or  any  otlier 
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S  the  Society  *  is  defirous  of  an  account  of  the  Diamonds  of  Brazil^  I  fliall  endeavouf 
to  fatisfy  them  to  the  utmoft  of  my  power;  but -previous  to  a  defcription  of  their  form,  the 
place  M'here  they  are  found,  and  the  manner  of  fearchlng  for  them,  I  think  it  will  be 
xrfeful  to  convey  an  idea  of  thcxountry  in  which  thefe  diamonds  are  found* 

The  province  of  Brazil  which  produces  diamonds  is  fituated  inland  between  22-^ 
and  16  degrees  of  fouth  latitude.  Its  circumference  is  near  670  leagues.  On  the  eafl:  it 
is  limited  by  the  captainry  or  province  of  Rio  Janeiro ;  on  the  fouth,  by  that  of  St. 
Paul  J  on  the  north,  by  the  Sertocn/,  or  interior  part  of  the  maritime  province  of  the  bay 
of  All  Saints,  and  part  of  that  of  the  mines  of  Goyarel ;  on  the  weft,  laftly,  by  another 
part  of  the  laft-mentiontd  province,  and  by  diofe  deferts  and  forefts  which  are  inhabited 
by  the  favages,  and  extend  to  the  frontiers  of  Paraguay.  On  the  fide  neareft  St.  Paul 
there  are  vaft  uncultivated  plains;  the  interior  is  divided  by  chains  of  mountains  and  hills, 
with  fuperb  valleys  and  luxuriant  fertile  plains.  It  abounds  with  wood,  and  is  watered  by 
a  great  number  of  rivers  and  brooks,  that  faciFitate  the  working  of  the  mines  of  gold, 
which  is  obtained  by  wafliing  in  fpangles  from  the  river  iands,  or  in  veins  open  to  the 
day.  Tliis  province  is  divided  into  four  tomarcas  or  diftri£ls,  which,  reckoning  from 
north  to  fouth,  are  Santo  Joao  del  Rei,  Villa  Rica,  Sahara  and  Sero  Dofrio,  or  cold  moun- 
tain, called  in  the  language  of  the  favages  Tritauray,  The  diamonds  are  found  in  this 
laft  ^ftrid.  The  whole  province  is  very  rich  in  the  ores  of  iron,  antimony,  zinc,  tin, 
filver  and  gold. 

The  Paulifts  and  inhabitants  of  the  ancient  captainry  of  St.  Vincent  were  the  firft  who 
difcovered  thefe  mines,  and  peopled  in  great  part  the  whole  of  this  rich  province,  as  well 
as  thofe  of  Mato  Groffo,  Cuiaha^  Goyares,  and  Rio  grande  de  San  Pedro.  In  a  word,  almoft  the 
whole  of  the  interior  of  Brazil,  with  its  immenfe  riches,  would  have  been  ftill  unknown 
but  for  them.  The  metropolis  at  prefent  enjoys  the  fruit  of  their  eccentric  adivity  and 
hazardous  difcoveries.  Conftantly  with  their  arms  in  their  hands  to  defend  themfelves 
againft  the  favages,  in  the  midft  of  impenetrable  forefts  and  folitary  waftes,  expofed  for 
twelve  years  to  famine  and  the  inclemency  of  the  feafons,  they  overcame  every  obftacle : 
nothing  could  check  their  unconquerable  fpirit.  There  is  not  a  (ingle  mountain,  brook, 
or  mine,  which  has  not  been  traverfed,  difcovered,  and  vifited  by  them.  Antonio  Soary,  a 
Paulift,  who  gave  his  name  to  one  of  thefe  mountains,  was  the  firft  who  difcovered  and 
vifited  the  Sero  Dofrio.  Gold  only  was  fought  for,  but  at  laft  diamonds  were  difcovered 
in  the  Riacho  Fundo,  whence  they  were  firft  obtained,  and  afterwards  in  the  Rio  de  Peire  s 
a  great  number  were  likewife  obtained  from  the  Giguitignogna,  a  very  rich  ftream ;  and 
laftiy,  at  the  end  of  1780  and  beginning  of  1 78 1,  a  gang  of  near  three  thoufand  inter- 
lopers, called  GrimpeircSf  difcovered  diamonds,  and  obtained  an  immenfe  quantity  from 
the  Terra  de  Santo  Antonio  :  but  they  were  forced  to  abandon  this  fpot  to  the  Royal  Farm, 
who  took  poffeffion  of  it.  Then  it  was  that  the  fufpicion  was  confirmetV,  that  the  moun- 
tains are  the  true  matrix  of  diamonds ;  but  as  the  work  in  the  beds  of  rivers  and  on  their 
banks  is  lefs  tedious,  can  be  conducted  on  a  larger  fcale,  and  affords  larger  diamonds,  the 

»  The  Socitty  of  Natural  Hiflory  of  Paris.  This  account  is  inferted  in  the  Annales  de  Chimic,  XV.  %%t 
from  V'  hicb  this  Qrarilation  is  naade. 
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Farm  abandoned  the  mountains,  and  formed  great  cftablifluncnts  in  the  river  of  Toucan- 
birnen^  which  flows  through  the  valleys  of  this  chain,  and  is  near  ninety  leagues  in  length. 
It  was  found  by  examination  and  digging,  that  the  whole  furface  of  the  ground,  imme- , 
diately  beneath  the  vegetable  ftratum,  contained  more  or  lefs  of  diamonds,  difleminated 
and  attached  to  a  matrix  ferruginous  and  conipa£l  in  various  degrees,  but  never  in  veins, 
or  in  the  divifions  of  geodes. 

Attempts  were   made   at  firft  to  prohibit  the  working ;  but  the  aflivity  of  individuals 
who  infringed  the  order  of  Government,  and  fent  home  diamonds  by  the  (hipping  from. 
Brazil,  under  the  denomination  of  oriental  diamonds,  induced  Government  to  edabliih  a 
farm.     The  firft  farmer  was  Rifberto  Caldera,   a  Paulift,  with  the  condition  that  no  more 
than  600  negroes  (hould  be   employed  in   this   work.     This  condition  has  always  been 
evaded  ;  for  the  number  of  flaves  employed  are  from  fix  to  eight  thoufand :  and  this  num- 
ber was  fcarcely  diminiftied  when  the  Portuguefe  Government,  to  put  an  end  to  this  fraud  ^ 
and  the   depreciation  in  price  of  diamonds  proportional  to  the  quantity  brought  to  market, 
caufed  the  undertaking  to  be  carried  on  for  its  own  account..    But  at  prefent,  from  other 
confiderations,  it  is  farmed  again  to  individuals.    Notwithdanding  the  great  profits  which 
enter  the  royal  treafury,  it  is  certain  that  the  inhabitants  of  the  province  are  greatly  injured  by 
it,  becaufe  the  Diilrlf^  of  Diamonds  being  continually  enlarged,  has  condemned  to  dellruc- 
tive  repofe  immenfe  trails  very  rich  in  gold* 
Let  us  now  proceed  to  the  diamonds. 

The  figure  of  the  diamonds  of  Brazil  varies.  Some  are  oftahedral,  formed  by  the 
union  of  two  tetrahcdral  pyramids.  This  is  the  adamas  o6idedrus  turbinatus  of  Wallerius, 
or  the  oAahedral  diamond  of  Rome  de  I'lfle.  Thefe  are  almoft  always  found  in  the  cruft 
of  the  mountains ;  others  are  nearly  round,  whether  by  a  peculiar  cryftallization  or  by 
rolling.  They  refemble  thofe  oriental  flones  which  the  Portuguefe  and  the  natives  of 
India  call  reboJudos,  which  fignifies  rolled.  .  And  laftly,  others  are  oblong,  and  appear  to 
me  to  be  the  adamas  hexdidrus  tabellaius  of  Wallerius.  The  two  laft  are  ufually  found 
in  the  beds  of  rivers  and  broken  places  of  their  banks* 

Diamonds  are  alfo  found,  as  1  have  remarked,  in  the  cruft  or  external  covering  of  moun- 
tains* Thefe  mafies  are  formed  of  a  bed  of  ferruginous  fand,  with  rolled  flints,  forming  an 
ochreous  pudding-ftone  from  the  decompofition  of  emery  and  muddy  iron-ore;  it  is 
called  cafcalhoy  and  the  beds  or  ftrata  taboUiros.  Thefe  iaboleiros  have  difit:rent  names, 
-according  to  their  fituation  or  their  nature.  When  the  ftratum  is  jborizontal,  and  in  the 
plane  of  the  bed  of  the  river,  it  is  properly  a  taboleiroi  but  if  it  rifes  in  bgnks,  it  is  called 
gopiara;  laftly,  if  the  pudding-ftone  contains  much  emery,  it  is  then  denominated  r/7^/7/;- 
hua  cauga  in  Brazilian,  that  is  to  fay,  black-ftone,  or  iron*ftone. 

In  fome  places  the  cajcalho  is  uncovered ;  in  others,  it  lies  beneath  a  kind  of  vegetable 
muddy  earth,  humm  daaiafcena  Linn,  or  beneath  a  reddifli  fat  fand,  which  fometimes  con- 
tains rounded  flints.  This  happens  in  the  returns  of  the  mountains,  or  upon  the  banks  of 
great  torrents.  This  fand  is  called  pifarra.  The  bank  or  ftratum  beneath  the  cafcalho  is 
either  ftiift'us  rath^  fandy,  or  the  folid  bog-ore  of  iron.  It  is  likewife  in  the  cafcalho  that 
gold  in  fpangles  and  in  pyrites  is  found  5  the  former  of  which  is  in  my  opinion  afTorded 
by  the  decompofition  of  the  auriferous  pyrites.  For  the  gold  in  veins  has  another  form. 
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sind  its  matrix  is  either  fat  quarts  or  fine-grained  tender  cos^  micaceous  gneis,  or  the  quart* 
zofc  ote  of  iron,  tophus  frrreus  Linn. 

The  exploring  of  diamonds  is  performed  hj  changing  the  beds  of  ftreams,  in  order 
that  the  fand  or  grarel  may  be  wafhed,  and  the  diamonds  felefled;  or  by  breaking  the 
tafcalho  with  large  hammers,  and  afterwards  wafliing  it  in  troughs.  This  wa(bing  differs 
from  that  of  gold^  becaufe  it  requires  a  fmalt  quantity  of  very  clear  water,  and  very  little 
of  the  cafcalho  at  a  time ;  proportions  which  are  precifely  contrary  to  thofe  required  in 
waOiing  gold.  Black  flaves  are  employed  in  this  bufinefs,  entirely  naked  excepting  a  cloth 
round  their  middle,  in  order  that  they  may  not  embezzle  any  of  the  diamonds  *,  but  in  fpite 
of  every  precaution,  and  the  vigilance  of  numerous  infpe£lors,  they  neverthelefs  find 
means  of  concealing  them,  which  they  fell  at  a  very  lo^  price,  to  the  interbpers,  for 
tobacco  and  rum. 

This  is  all  the  information  I  can  with  certainty  date  refpe£ling  diamonds.  I  have  only 
to  remark,  that  other  provinces  likewife  aflFord  them  \  as  Caiaba,  and  the  dilbi^  of  Guara- 
puara,  in  the  province  of  St.  Paiil  \  but  thefe  parts  are  not  explored. 
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AhfiroB  (ftl»  Specification  of  Mr.  William  Des MONIES  nevt  Method  of  Tanning;  with 

Obfervations  relative  to  that  SuhjeB. 
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rARLY  bft  year  ^  a  patent  was  taken  out  by  Mr,  William  Defmond  for  the  method 
ox  procefis  of  tanning  pra^ifed,  as  it  is  fsdd,  with  great  fuccefs  in  France  by  Seguin.  The 
fttbftance  of  Mr.  Defmond's  fpecification  is  as  follows : 

The  art  of  tanning  confifts  in  impregnating  ikins  with  a  principle  obtained  from  tan,  with 
which  they  form  7,  compound,  infoluUe'  in  water,  and  pofleflk^  other  qualities  well  known 
in  the  fubftance  caUed  leather.  He  obtains  the  tanning  principle  by  digefiing  oak-4)ark,  or 
other  proper  material,  in  cold  water,  zn  an  apparatus  nearly  fimilar  to  that  ufed  in  the  fait- 
pctre  works.  That  is  to  fay,  die  water  which  has  remained  upon  the  powdered  bark  for  a 
certain  time,  in  one  veflel,  is  drawn  off  by  a  cock,  and  poured  upon  frefli  tan.  This  is 
again  to  be  drawn  off,  and  poured  upon  other  frelh  tan ;  and  in  this  way  the  procefs  is  to 
be  continued  to  the  fifth  veffel.  The  liquor  is  then  highly  coloured,  and  marks,  as  Mr. 
Befmond  fays,  from  fix  to  eight  degrees  on  the  hydrometer  for  falts  f .  He  calls  this  the 
tanning  lixivium.  The  criterion  to  diftinguifh  its  pretence  is,  that  it  precipitates  glue 
from  its  aqueous  folution,  and  is  alfo  ufeful  to  examine  how  far  other  vegetable  fubftances, 
as  well  as  oak-bark,  may  be  fuitable  to  the  purpofe  of  tanning.  The  ftrong  tanning  liquor 
is  to  be  kept  by  itfelf.  It  is  found  by  trials  with  the  glue,  that  the  tanning  principle  of 
the  firft  digefter  which  receives  the  clear  water,  is,  of  courfe,  firft  exhaufted.  But  the 
fame  tan  will  ftiU  give  a  certain  portion  of  the  aftringent  principle,  or  gallic  lixivium^  to 
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water.  The  prcfcnce  of  this  principle  is  afceTUined  by  its  ftriking  a  black  colour  when  added 
lo  »  fmall  quantity  of  the  folution  of  vitriol  of  iron  or  green  copperas.  As  foon  as  the  water 
from  the  digefter  ceafes  to  exhibit  this  fign,  the  tan  is  exhaufted,  and  muft  be  replaced  with 
-new.     The  gallic  lixivium  is  lefervcd  for  the  purpofc  of  taking  the  hair  off  from  hides. 

Strong  hides,  after  wafliing,  cleaning,  and  llefliing,  in  the  ufual  way,  ate  to  be  immcrfed 
for  two  or  three  days  in  a  mixture  of  gallic  lixivium  and  one  tlioufandih  part  by  meafure  of 
dcnfe  vitriolic  acid  *.  By  this  means  the  hair  is  detached  from  the  hides,  fo  that  it  may 
be  fcr;iped  off  with  a  round  knife.  When  fwelHng  or  raifing  is  required,  the  hides  arc  to 
te  immcrfed  for  ten  or  twelve  hours  in  another  vat  hlled  with  water  and  one  five-hundredth 
part  of  the  fame  vitriolic  acid.  The  hides  being  then  repeatedly  waflied  and  dreffed,  are 
ready  for  tanning  ;  for  which  purpofc  they  arc  to  be  immcrfed  for  fome  hours  in  a  weak 
tanning  lixivium  of  only  one  or  two  degrees  ;  to  obtain  which,  t!ie  latter  portions  of  the 
infulions  are  fet  apart;  or  elfe  fome  of  tliat  which  has  been  partly  exhaufted  by  ufe  in 
tanning.  The  hides  are  then  to  be  put  into  a  ftrongcr  lixivium,  where  ia  a  few  days 
ihey  will  be  brought  to  the  fame  degree  of  faturation  with  ilie  liquor  in  which  they  are 
immcrfed.  The  (Irength  of  tlie  liquor  will  by  this  means  be  conGdcrably  diminilhed,  and 
inuft  therefore  be  renewed.  When  the  hides  arc  by  this  means  completely  faturated,  that 
is  to  fay,  pcrfeflly  tanned,  they  are  to  be  removed,  and  flowly  dried  in  the  (hade. 

Calf-lkins,  goat-ikins,  and  the  like,  are  to  be  fteepcd  in  lime-water  after  the  ufual  flefli- 
ing  and  waftiing.  Tliefe  are  to  remain  in  the  lime-water,  which  contains  more  Hmc  than 
it  can  diffolve,  and  requires  to  be  ftirred  feveral  times  a-day.  After  two  or  three  days,  the 
iklns  arc  to  be  removed,  and  perfe£lly  cleared  of  their  Ume  by  walhing  and  pretling  ia 
water.  The  tanning  proccfs  is  then  to  be  accompHDied  in  the  fame  manner  as  for  tlic 
ftrong  hides,  but  the  liiivium  muft  be  confiderably  weaker.  Mr.  Dcfmond  remarks,  that 
lime  is  ufed  indead  of  the  gallic  lixivium  for  fuch  hides  as  are  required  to  have  a  clofc  grain  i 
becaufe  the  acid  mixed  with  that  lixivium  always  fwells  the  Ikins  more  or  Icfs ;  but  that  it 
cannot  with  the  fame  convenience  be  ufed  wiihlhick  Ikins,  on  account  of  the  confiderable 
labour  required  to  clear  them  of  the  lime,  any  part  of  which,  if  left,  would  render 
them  harlh  and  liable  to  crack.  He  recommends,  likewife,  as  the  beft  method  to  bring  the 
whole  furface  of  ihc  hides  in  contad  with  the  lixivium,  that  they  ihould  be  fufpcnded  ver- 
tically in  the  fluid  by  means  of  tranfverfe  rods  or  bars,  at  fuch  a  diftance  as  not  to  touch 
each  other.     By  this  pra£licc  much  of  the  labour  of  turning  and  handling  may  be  faved. 

Mr.  Dc&nond  concludes  his  fpecificatioti  by  obfcrving  that  in  fome  cafes  it  will  be  ex- 
pedient to  mix  frcfli  Ian  with  the  lixivium;  and  that  various  modifications  of  ftrength  and 
other  circumftances  will  prefcnt  ihemfelves  to  the  operator.  He  .affirms  that,  in  addition 
to  the  great  faving  of  time  and  labour  in  tliis  method,  the  leather,  being  more  completely 
tanned,  will  weigh  heavier,  wear  belter,  and  be  Icfs  fufeeptible  of  moiliure  than  leather 
tanned  in  the  ufual  way  ;  that  cords,  ropes,  and  cables,  made  of  hemp  or  fpeartery,  im- 
pregnated with  the  tanning  principle  will  fupport  much  greater  weights  without  breaking, 
be  Icfs  liable  to  be  worn  out  by  fridion,  and  will  run  more  fmoothly  on  pulleys  (  tnfomuch 
that,  in  his  opinion,  it  will  render  the  ufe  of  ur  in  many  cafes,  particularly  in  the  rigging  of 
thips,  unneceffary  ;  and,  laftly,  that  it  may  be  fubll-ituted  for  the  prcfetvation  of  animal  food 
isUead  of  fait. 

•  Alirking  66  degrtet  on  tlie  4t}"ironincr  for  acidi.    Sp.  gr,  i.S4i  of  BMtni«. 
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The  intelligent  manufacturer  will  readily  perceive  that  this  new  method  is  grounded  on 
two  panicular  circum (lances,  beTHhts  a  more  fcientific  management  of  the  general  proccfii 
than  has  been  ufual.  Tlic  firil  cmiHIlsin  the  method  of  determining  the  prefence  and 
quantity  of  the  t.mning  principle,  by  the  hyJromeicr  and  the  precipitation  of  glue  :  the 
fccond,  in  applying  this  principle  in  a  conecniratcd  rtatc,  more  early  in  point  of  time 
than  has,  perhaps,  been  hitheilo  ilonc.  Our  tanners,  after  the  common  previoua  proccfics 
and  unhairing  hy  acids,  by  lime,  or  by  piling  the  hides  that  they  may  heat  and  begin  to  pu- 
trefy, apply  the  fotution  of  tan,  which  they  call  ouie,  in  a  great  number  of  pits  in  the  tan- 
yard.  'I'hey  begin  with  tlic  weakeft  fotution,  which  has  been  ufcd,  and  is  of  a  lighter  colotrr 
than  the  other.  And  they  pafs  the  hides,  according  to  their  judgment  and  experience,  into 
ouzes  wliich  are  ilronger  and  (Ironger,  until  at  laft,  in  certain  cafes,  rfic  hides  come  to  be 
buried  for  a  certain  time  in  a  folid  mafs  of  tan  or  oak-bark.  Thc'oak-bark  iifelf,  in  the 
pits,  is  not  only  the  fourcc  from  which  the  water  exirafls  the  tanning  principle ;  but  fccms, 
likewife,  Iti  fome  mcafure,  during  the  lad  ftagcs  of  the  procefs,  (o  operate  mechanically  by-  ■ 
keeping  the  furfaces  of  tlic  hides  from  touching  each  other. 

Oh  the  occafion  of  this  apparently  important  difcovery,  I  applied  to  one  of  the  firfl  manx- 
facttiring  houfts  in  the  Borough  of  Southwark,  to  make  enquiries  concerning  its  vahie.  One 
of  the  partners,  who  appeared  to  have  paid  confiderable  attention  Co  iftc  proccfles  of  his 
manufaftory,  informed  me,  that  the  (Irong  folution  obtained  from  tan  had  been  well  known 
to  them  for  forac  years  under  the  name  of  effence  of  tan  ;  and  that  it  had  been  propofed  tr> 
ufe  it  as  the  means  of  bringing  out  the  complete  leather  in  a  fliort  time.  I  afkcd  whether 
the  objection  to  its  ufe  might  confiit  in  the  outer  part  of  the  flcin  becoming  more  per- 
feiHly  tanned  in  a  fliort  time  than  the  inner  part;  fo  as  to  defend  this  laft  from  the  fub- 
fcqueni  change  that  might  have  taken  place  by  a  (lower  operation.  He  anfwered,  that  this 
was  partly  the  reafon  why  it  was  neceflury  that  the  ouzes  (liould  be  gradually  applied  from 
the  lowcH  to  the  higheft  Ilrcngth.  But  the  chief  reafon  he  urged  in  favour  of  the  (low  pro- 
cefs was,  tliat  the  hides  were  found  to  feed  and  improve  in  their  quality  by  remaining  in  the 
pit.  I'could  norgain  fatisfaiflory  information  what  the  nature  of  this  fecditigand  improvement 
might  be.  The  (^c\,  as  loofely  Hated,  appeared' to  be,  that  the  (kin  became  much  thicker, 
denfer,  ami  heavier  in  the  firft  ouzes  during  a  certain  time ;  and  tharthcfe  advantages  of 
thrcknefs,  denfity,  and  weight  continued  to  exift  in  a  certain  degree  to  the  very  end  of 
the  entire  procefs.  For,  as  he  remarked,  they  know  very  well  that,  by  bringing  the  fkiirs 
more  haflily  into  the  (Ironger  ouzes,  they  will  be  fooncr  converted  into  leather-;  and  that 
a  (kin  which  ordinarily  requires  fifteen  months,  might  be  tanned  in  nine.  But  then,  added 
.  he,  the  (kin  which  comes  forward  in  nine  months,  from  its  thinnefs,  and  other  inferior 
qualities,  will  afford  nincpcnny  foles  for  (lioes;  whereas,  if  It  had  undergone  the  longer  pro- 
cefs, the  foles  would  have  been  worth  a  (hilling  :— a  dlllirence  whitJi  largely  repays  the 
common  iniercft  of  capital  for  the  exccfs  of  time. 

On  the  oiher  hand  it  may  be  remarked,  that  refults  of  this  nature  require  to  be  groundetl 
on  experiments  carefully  undertaken,  under  circumftances  differing  only  with  regard  to  the 
objcfl  of  invc (ligation,  and  often  repeated.  It  docs  not  appear  from  my  enquiries  that  this 
has  ai^tually  been  the  cafe;  and  I  have  been  informed  that  excellent  leather  has  been  pro- 
duced in  the  new  method.  But  I  have  heard  nothing  of  its  appearance  in  the  marker, 
though  upwards  of  a  year  has  elapfed  fince  this  patuit  was  fealed. 

A  very 
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A  very  full  and  drcumHantial  account  of  this  proccrs,  which  Mr.  Dcfmond  afiirma  he 
received  from  a  certain  learned  foreigner,  was  inferted  in  ilic  Menitriir,  and  tliencc 
trandarcd  and  publiQicd  in  the  ExigliQt  Ceaiirr  fomc  time  in  the  month  of  Auguft  1795. 
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De/a-ipiisn  and  Acmmt  of  a  Neto  Prefi  optrathig  by  thi  AHiait  of  JfaUr,  on  fh  Prl 
Bydt-tjlatic  Paradox.     Invented  by  Jos&PH  BSAMAH,  Engineer. 

1"^  I  G.  ijPhtc  11,  is  a  front  fc£lion  of  a  comrr-on  prcfs  for  books  and  papers,  and  the  XiVt. 
Fig-  2  cshibits  a  perfpeflivc  view  of  ihc  fame  inftrument  on  that  fide  to  which  the  pump  is 
fixed.  The  letters  diftinguidi  the  fame  parts  in  boili.  ARCD  is  the  frame.  1  is  a  llrong 
metallic  cylinder,  in  which  the  rammer  or  pifton  EF  moves.  To  the  upper  part  of  this 
pidon  is  applied  an  iron  table,  by  the  motion  of  which  upwards  the  prefliire  is  communi- 
cated to  the  articles  H.  QR  reprefcnts  a  fmall  ciftcrn,  containing  water.  Within  this 
cillern  ts  fixed  a  fmall  forcing  pump,  of  which  K  is  the  barrel,  L  the  piflon,  M  a  fide  valve 
formed  of  metal,  and  opening  inwards  beneath  the  piflon.  The  nature  and  efTe^  of  this 
valve  may  be  eafily  underftood  from  the  figure.  Il  confifls  of  a  metallic  rod,  at  one  end  of 
which  there  is  a  nob  turned  conical  next  ihe  ftem,  fo  as  accurately  to  fit  the  conical  face  of 
riic  hole  into  which  it  is  put.  The  tail  is  filed  on  one  Hdc,  fo  that  it  does  not  entirely  fill 
the  cylindrical  hole  which  it  occupies-,  by  which  means  a  patTage  is  afforded  for  water 
when  the  head  of  the  valve  is  raifed.  In  the  ftate  of  ina£lion,  the  valve  is  kept  flmt  by  the 
operation  of  a  fpiral  fpring  at  the  other  end  of  the  tail.  N  is  another  valve  of  the  fame  kind 
opening  downwards.  O  reprcfents  the  rod  of  the  piflon,  with  a  contrivance  for  keeping  a  ver- 
tical pofition  during  the  working.  The  eilefl  of  this  contrivance  will  be  underftood  without 
difficulty  by  comparing  the  two  drawings.     S  is  the  lever  or  handle  for  working  the  engine. 

Ics  a£lion  is  as  follows:  When  the  handle  S  is  raifed,  it  brings  up  the  pifton  L,  which 
would  leave  a  vacuum  beneath  if  the  preffure  of  the  atmofpherc  did  not  force  the  water  in 
through  the  fide  valve  M,  The  lever  is  then  to  be  prefled  down,  which  caufe*  ihc  fide 
valve  to  fliut,  and  forces  the  water  through  the  bottom  valve  N,  whence  it  p^lTes  through 
the  pipe  P  into  the  cavity  F  of  the  great  cylinder  I,  and  raifcs  the  pifton  or  prefling  rammer. 
A  repetition  of  the  fame  procefs  forces  more  water  in,  and  the  prefliire  may  in  tliis  manner 
be  carried  to  a  great  extent.  When  it  is  propofed  to  relieve  the  atlion,  the  lever  S  niuft  he 
preOcd  down,  which,  by  the  mechanical  contact  of  the  lower  extremity  of  the  piflon  I. 
againft  the  tail  of  the  lower  valve  N,  keeps  that  valve  open.  In  this  fituation,  the  lever  TIT 
is  to  be  prefled  towards  R,  and  will  open  the  valve  M,  Botii  valves  being  in  this  manner 
opened  at  once,  the  paffage  between  the  internal  part  of  the  great  cylinder  and  the  ciftcrn 
QR  becomes  free,  and  confequently  the  table  G  and  the  rammer  EF  defccnd  by  their  own 
weight,  and  reftore  the  engine  to  its  original  fituation. 

There  Is  no  diflicuUy  tn  computing  the  force  of  this  inftrumenl.  If  the  diameter  of  the 
barrel  K  be  one  quarter  of  an  inch,  and  that  of  I  one  inch,  that  is  fo  fay,  four  tjuarters  of 
an  inch ;  one  pound  lotlgcd  upon  the  pifton-rod  W  will  be  in  equilibrio  with  fixtcen 
pounds  lodged  upon  the  table  G;  the  weights  of  the  parts  of  the  engine  attached  to,  arrd 
moving  with,  each  pifton,  being  refpeflively  included.  And  if  the  length  of  (he  lever  SY 
be  fifteen  inches,  and  the  diftancc  XY  between  the   centres  of  motion  and  of  a^fco  be 
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two  inc^ies,  one  pound  at  the  end  of  S  will  gain  an  advantage  of  7}  times  when  compared 
with  that  at  W.  Iiillcad,  therefore,  of  fixteen  pounds  upon  (he  tahlc  G  being  equal  in 
rlTc^l  10  counlcrpoifc  this  laft  aSion,  there  will  be  required  upwiirds  of  120  pounds.  But 
a  man,  in  this  action  of  pumping  by  a  downward  prefTure,  can  without  difficulty  apply  his 
whole  weight,  and  with  great  eafe  one  third  or  one  fourth  of  his  weight,  fuppofe  50 
pounds.  In  this  cafe  tliepreflure  will  be  equivalent  to  fifty  times  120  pounds,  or  6000  pounds, 
that  is  to  fay,  nearly  three  tons. 

To  compare  this  engine  with  a  fcrew,  in  theory,  we  muft  enquire  what  finenefs  of 
thread  and  length  of  lever  would  afford  a  purchafe  of  120  to  one.  Let  us  i'uppofc  the 
thread  of  a  fcrcw,  fubllituted  in  the  place  of  the  barrel  I,  to  be  one  tenth  of  an  inch  thick ; 
the  dirtance  from  the  top  of  one  thread  to  the  top  of  the  next  will  in  this  cafe  be  one  fifth 
of  an  inch.  This  is  the  fpace  through  which  the  weight  muft  rife  in  one  revolution.  The 
power  mud  ihetefore  move  through  j2o  times  that  fpace,  namely  twenty-five  inches-,  but 
a  lever  or  radius  four  inches  long  will  defcribc  a  circle  fomewhat  larger  than  this, 
and  confequently  fuch  an  engine  would  in  theory  be  equal  in  power  to  the  hydraulic  engine 
we  havebeeii  contemplating. 

But  when  the  fubjei^  is  viewed  pra£lically,  the  diflcrence  between  the  two  engines  ap- 
pears to  be  very  remarkable.  All  practical  men  know  how  very  large  a  part  of  the 
force  operating  by  means  of  engines  is  employed  in  overcoming  frjftions.  Every  one  is 
xware  of  the  extreme  fri^ion  between  foHds,  and  the  very  flight  frjilion  which  takes  place 
between  the  parts  of  fluids.  This  is  feen  in  the  common  expedient  of  oiling  the  pivots  of 
wheels,  and  in  the  very  gradual  decay  of  motion  in  fluid  bodies  ;  while  foHds  moving  on 
each  other  (top  at  once,  as  foon  as  the  force  is  diminiOied  to  a  certain  degree.  The  fcrew 
is  an  organ  peculiarly  liable  to  fridtion,  and  this  friflion  is  always  much  greater  than  the 
whole  of  the  reading  force ;  for  there  are  few  inftances  where  a  fcrcw  will  return  from  ex- 
treme prcffure,  when  the  agency  upon  the  lever  is  withdrawn.  It  is  alfo  to  be  confidcred, 
that  the  whole  force  of  the  weight  or  rcfiftance  adls  direiily  upon  the  face  of  the  fcrew,  at 
which  the  motion  is  required  to  take  place.  It  has  not  been  apprctiated  in  what  degree 
this  rcfiflancc  or  fridion  increafes  with  the  weight.  In  lighter  actions  the  fimplc  ratio  has 
been  inferred  ;  but  under  more  fevere  prcflures  the  two  metallic  faces  eilrude  the  greater 
part  of  the  half-fluid  matter  between  them,  and  appear  by  the  magnitude  of  their  refiftance 
to  be  attached  to  each  other  by  a  procefs  of  the  nature  of  cohefive  attraflion.  For  thcfe  and 
oiher  reafons,  it  appears  nearly  impra£licable  to  form  any  comparifon  between  two  engines 
fo  different  in  principle,  but  fuch  as  (hall  be  deduced  ftpm  immediate  experiment  of  their 
effefls.  I  am  not  in  poffcifion  of  numerical  data  to  indicate  the  .iftual  power  of  fcrew -engines 
or  prefles;  which  are  perhaps  the  lefs  neccflary,  becaufe  thofe  who  are  the  moft  interefted  in 
the  fuccefs  of  an  improvement  like  the  prcfent,  are  for  the  moft  part  able  to  come  at  thefe 
without  difficulty.  I  intend,  befides,  to  make  thcfe  the  fubject  of  a  future  communication. 
The  effefls  which  I  obferved  were  ihefe. 

A  machine  of  the  new  conftrudlion  here  defcribcd,  was  employed  to  prcfs  fome  papers. 
The  force  applied  to  the  lever  was  fo  flight,  that  the  inftrument  required  no  fattening  to 
the  table  on  which  it  ftood  :  but  the  cffefl  on  the  upper  bar,  A  B,  which  was  3  J  inches 
thick,  was  fuch  as  bended  it  out  of  a  ftraight  line  upwards  of  a  qaarter  of  an  inch,  and  I 
apprehend  that  il  might  have  cafily  been  broken  by  continuing  the  preflure.  With  a  fcrew- 
4  prcfs, 
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pTefa,  the  fcrew  of  which  was  iroU)  and  nearly  of  the  dimcnflons  before  mentioned,  exccpE* 
ing  that  the  lever  was  twelve  inches  long  iiiilcad  of  four  inches,  and  the  aftion  on  the  lever 
upw.irds  of  two  hundred  weight,  applied  with  a  jerk,  the  elTeft  was  nearly  the  fame.  Here 
I  fliould  eilimate  the  advantage  to  be  very  much  in  favour  of  the  hydraulic  engine- 

r.i  another  engine  of  this  kind,  the  c\iani«er  of  the  great  piflon  was  four  inches,  and  of  the 
fmaller  three-eighths  of  an  inch  ;  and  the  advantage  given  by  the  lever  or  handle  was  twelve  to 
one.  Above  the  pifton  of  the  great  cylinder  was  applied  a  long  lever,  at  one  end  of  which  was 
an  axis,  and  at  the  other  end  a  large  fcale  to  hold  weights  :  it  contained  twenty  hundred 
weight.  The  dillance  between  the  axis  of  motion  of  this  lever  and  the  part  where  it  ailed 
on  tlie  piflon  was  fix  inches;  and  the  diftance  from  the  fame  axis  to  the  extremity  where 
the  fcale  was  hung,  was  1 26  inches.  Every  hundred  weight  in  the  fcale  confeqiiently  prelTed 
ppon  the  piflon  with  a  force  equal  to\twenty-one  hundred  weight ;  whence  the  whole  prelTurc 
was  twenty-one  tons.  It  was  eafy  to  work  the  lever  brifkly  with  one  hand,  and  each  flrokc 
raifed  the  fcale  near  one-third  of  an  inch.  Forty-fevcn  pounds  hung  at  the  end  of  the 
lever,  carried  it  down  with  a  moderate  fwiftnefs  of  working;  but  a  weight  of  only  forty- 
three  pounds  remained  in  equiUbrio,  and  did  not  dcfccnd.  Now,  as  the  true  weight  in 
theory  was  thirty-two  pounds,  as  deduced  from  the  aftion  of  the  parts  in  the  manner  al- 
ready done  with  regard  to  the  fmall  machine,  it  follows  that  lefs  than  one- third  of  the  a£lual 
power  was  employed  to  give  velocity  and  overcome  all  fridlion. 

It  may  be  remarked,  that  the  principal  frictions  in  thefe  machines  mufl  be  at  the  circum- 
ferences of  the  piftons,  and  that  thefe  do  not  increafe  In  the  fimple,  but  in  lefs  than  the 
fob-duplicate  ratio  of  the  power.  For  if  the  diameter  of  the  great  cylinder  were  double, 
every  thing  elfc  remaining  unchanged,  the  furface  of  its  piflon,  and  confequently  the  power, 
would  be  quadrupled.  But  the  fri£lion  would  be  only  doubled,  and  that  merely  at  the  lea- 
thering of  the  greater  piflon. 

As  the  prelTuTc  in  the  experiment  lafl  mentioned  amounted  to  47040  pounds  upon  the 
great  piflon  of  four  inchee  diameter,  or  fistecn  circular  inches  furface,  it  amounted  to  ^940 
pounds  upon  each  round  inch.  But  the  medium  prelTure  of  the  atmofphere  on  a  round 
inch  is  near  twelve  pounds,  confequently  the  a£lion  was  equal  to  245  atmofpheres :  and  as 
each  of  thefe  correfponds  with  a  column  of  34  feet  of  frefh  water  at  a  medium,  the  water 
in  the  cylinder  was  prcffcd  in  the  fame  manner  as  if  the  whole  column  had  Ifccn  8330  feet, 
or  i\  mile,  long. 

Large  prefTcs  of  this  conftruflion  are  made  with  two  pumps  of  li  inch  bore,  and  a  cy- 
linder of  feven  inches.  Thefe  have  been  ufed  in  preffmg  hay  and  cotton  for  package  ; 
and,  as  I  am  informed,  are  cffeflive  in  producing  a  greater  condenfation  on  the  material  with. 
a  much  lefs  application  of  moving  power  and  confumption  of  time.  But  of  this  and  otlier 
particulars,  as  I  have  not  yet  had  an  opportunity  of  examining  the  fafls  myfclf,  I  fliall  for- 
bear to  fpeak  at  prcfent  *. 


'  Mr,  Bramah,  wlio  CMiftrufts  ihcft  engijies,  has  obt^md  a  paKoi  for  ihc  ii 
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The  Pracffs  fir  giving  a  heaiillfii!  JVhilt  CeUiir  to  Raw  Sillt,  ivid'sitt  Scourii'g. 
By  M.  Bal'me'. 


JERTHOLLET,  in  Ms  Elcmcns  de  I'An  ck- h  Telnture,  publiOicd  in  the  year  1791, 
after  defcribing  tin;  iifua!  methods  of  depriving  filk  of  tts  rcfmous  or  gummy  tnattcrf,  pro- 
ceeds to  remark,  that,  in  the  manufacture  of  blunds  and  gauzes,  the  natural  claflicily  and 
RaSxizU  of  thia  article  are  required  to  be  prcferwcd  ;  whence  it  has  become  a  defideratum  to 
render  the  yellow  (ilk  of  Europe  white  like  that  of  China,  without  depriving  it  of  its  gum. 
He  adds,  that  Mr.  Eaumc  has  folved  this  inierefting  prublem,  but  had  kept  his  proccfs  a 
iccrctj  but  from  the  fails  he  had  poflefied  the  means  of  obtaining,  it  appeared  h able 
to  accidents,  and  thai  the  chief  difficulty  confilled  in  giving  an  uniform  white  colour  when 
Ijrgequamilies  were  operated  upon.  He  alfo  mentions  a  JiiTiculiy  in  drelTuig  the  whitened  filk 
foas  to  prevent  its  curling,  and  obferves  thft  it  ought  certainly  to  be  kept  conilaiitlytlretched 
during  the  drying.  It  is  befides  requifitc  that  the  fjiirit  of  wine  fhould  be  recovered  after 
the  proccfs,  which  would  clfc  bc-rcndercd  too  expenfive.  This  author  does  not  fay  whether  - 
the  white  Chinefe  fdk  is  fubje£t  to  the  fame  inconvenience  of  curling  when  dyed,  which,  it 
may  be  remarked,  is  a  property  of  no  confequence  where  the  material  13  to  he  applied  in  the 
manufa£liirc  of  white  goods.  The  motiveswhich  led  Mr.  Uaume  to  communicate  his  procefs 
to  the  world,  originally  retained  by  him  as  a  lucrative  fecret,  do  not  appear.  Whether  the 
miilakes  of  thofe  who  carried  it  into  effeil  in  the  large  way  might  have  led  him  to  vindi- 
cate the  reality  of  his  difeovery  by  publication;  or  whether  the  commercial  advantages 
derived  from  fuperiority  of  quality  and  cheapnefs  in  his  article  over  the  Cliinefc  filk  in  the 
market  of  France,  might  in  the  end  have  proved  of  lefs  value  than  the  fcientific  reputation 
to  be  derived  from  its  difdofuie  -,  are  circumftances  which  will,  no  doubt,  have  their  proper 
weight  with  fuch  manufafturers  as  may  be  induced  gradually  to  adopt  this  procefs. 

The  fiik  of  Nankin  is  perfectly  white,  Glvcry,  brilliant,  and  poflcfics  all  the  eladicity  of 
raw  fdk.  Our  author  affirms,  that  the  value  of  this  article  imported  into  Europe  amounts 
to  upwards  of  twenty  millions  ofUvresJ,  of  which  France  confumes  about  four  or  five 
millions  in  gauzes,  blonds,  ribbons,  &c.  TJiis  was  formerly  fuppofed  to  be  produced  of  a 
white  colour  from  the  worm.  The  late  Mr.  Trud^ine,  iniendant  of  commerce,  procured 
die  eggs  of  th^  fiik-worm  from  China,  and  cultivated  them.  The  produce  confifted  of 
yellow  cocons,  :ind  others  of  the  molt  perfedi  whiienefs.  The  latter  afforded  filk  equal 
in  this  refpeft  to  that  of  Nankin.  But  Mr.  Baume  affirms,  that  molt  of  the  Nankin  fdk  is 
bleached  by  art,  and,  as  he  thinks,  by  a  procefs  fimilar'to  his  own. 

As  it  is  impoffible  to  wind  ofF  a  large  qu:iiitity  of  filk  in  the  fiiort  time  previous  to  that  of 
the  infefls  eatinf;  their  way  through  the  mafs,  it  is  ufual,  in  the  firii  place,  to  deprive  ihcm 
ofhfe.  This  is  commonly  done  by  cxpoHng  the  cocons,  properly  wrapped  up,  for  two 
hours  to  the  heat  of  about  158  degrees  of  Fahrenheit  in  an  oven  ;   after  which  they  are 

tjktr,  is  infcried  in  ihc  Journal  dc  Fhyli<)U«, 


•  Th«  original  Mcmoire  from  \\\  rU  [he  fafts  lierc  rclatci 
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kept  for  a  certain  time  in  a  mafs  to  prcfcrvc  their  licat,  and  efFcftually  dcftroy  fuch  of  the 
infcfts  as  might  have  cfcapcd  the  power  of  the  oven.  The  cflFeft  of  this  proccfs  is,  that  th^ 
lilk  is  hardened,  and  is  more  difficult  to  wind  off  than  before.  Hence  the  produ£i  of  Glk 
is  Icfs  by  one  ninth  part  in  quantity,  and  inferior  in  quality  to  what  might  have  been  ob- 
tained by  winding  off  without  this  previous  baking.  Mr.  Baume,  not  only  from  thefe 
views,  but  likewife  bccaufe  the  filk  which  has  not  been  baked  proves  fufceptible  of  a 
greater  luftre,  was  induced  to  deftroy  the  chryfalis  by  fpirit  of  wine.  For  this  purpofe  he 
difpofes  them  in  a  wooden  box  in  a  ftratum  fix  inches  deep :  upon  each  fquare  foot  half  a 
chopin,  or  fomewhat  more,  of  fpirit  of  wine  is  to  be  fprinkled  with  a  fmall  watering-pot 
made  for  that  purpofe.  This  quantity  anfwers  fufficiehtly  near  to  our  half-pint.  The 
liquid  is  to  be  equally  diftributed,  but  it  is  not  neceffary  that  all  the  cocons  (hould  be  wetted^ 
They  are  then  to  be  mixed  by  hand.  In  the  next  place  another  ftratum  is  to  be  formed  over 
the  firft,  nearly  of  the  fame  depth,  which  is  to  be  fprinkled  and  treated  as  before.  By 
this  method  of  proceeding,  the  box  becomes  filled,  and  muft  then  be  covered,  and  left  for 
twenty-four  hours,  during  which  time  they  become  fpontaneoufly  heated  to  about  100 
degrees,  and  the  vapour  of  the  fpirit  of  wine  exerts  itfeif  with  wonderful  adivity.  Five 
hundred  French  pounds  •  of  the  cocons  require  ten  French  pints,  which  is  nearly  the  fame 
number  of  Englifli  quarts.  After  this  treatment  they  muft  be  fpread  out  to  dry,  which 
happens  in  a  fliort  time,  and  is  abfolutely  neceffary  previous  to  winding  off. 

When  the  operator  propofes  in  this  manner  to  extinguifli  various  parcels  of  cocons  be- 
longing to  different  individuals,  each  parcel  may  be  tied  vtp  loofely  in  a  canvas  bag,  and 
wetted  on  the  ouAde  previous  to  clofing  the  box. 

The  fpirit  of  wine  to  be  ufed  in  this  operation,  ought  to  be  of  the  ftrength  of  34  degrees 
of  Baume's  hydrometer  at  the  temperature  of  55  degrees.  It  is  of  the  greateft  importance 
to  ufe  that  fpirit  only  which  has  been  kept  in  veffels  of  glafs,  of  tinned  copper,  or  of  pure 
tin.  Leaden  veffels  are  abfolutely  to  be  rejefted  5  wooden  veffels  tinge  the  fpirit,  which 
gives  the  filk  a  degree  of  colour  of  confiderable  folidity,  and  very  inimical  to  the  bleaching 
procefs. 

With  regard  to  the  advantages  of  this  method  of  extinftion,  in  preference  to  that  of  the 
oven,  the  author  remarks,  that  the  coft  of  labour  and  fuel  added  to  the  lofs  of  filk,  and  the 
probability  of  injury  from  too  much  or  too  little  heat,  conftitute  a  fum  of  difadvantage 
much  greater  than  the  coft  of  the  fpirit  of  wine.  It  is  befides  a  confiderable  advantage, 
that  the  fpirit  of  wine  renders  more  diftinguifhable  fuch  cocons  as  have  periflied  previous 
to  the  application  of  the  fpirit.     Thefe  afford  a  much  worfe  filk,  and  muft  be  picked  out. 

The  filk  is  wound  off  upon  a  reel,  while  the  cocons  are  kept  immerfed  in  water  almoft 
boiling.  Upon  this  part  of  the  procefs  Mr.  Baume  remarks,  ift,  That  the  dead  cocons 
muft  be  feparated.  Thefe  arc  known  by  the  brown  or  black  fpots  on  their  furfacc. 
2.  That  well-water,  which  on  account  of  its  cleamefs  is  almoft  univerfally"  ufed  in  the  filk 
manufaftories,  moftly  contains  nitre,  and  is  extremely  prejudicial  to  the  bleaching  pro- 
cefs. The  prefence  of  nitrous  acid  gives  a  yellow  colour,  which  refifts  bleaching  and  even 
fcouring  j  he  therefore  recommends  river-water.     3.  In  fome  countries  a  fmall  quantity  of 

•  The  Paris  pound  is  to  the  Englifh  avoirdnnois  pound  as  756  to  700.     I  have  not  reduced  thefe  quantities, 
becaufe  the  operation  requires  no  great  predfion,     N. 
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alum  is  afed.    Neither  this  nor  any  other  fallne  fubitstnce  is  of  the  kaft  advantage  to  the 
colour,  beauty,  or  quality  of  the  fiik. 

At  the  four  places  of  contact  of  the  filk  upon  the  reel,  all  the  threads  ftick  together.  It 
is  abfolutely  neceflary  that  this  (hould  be  remedied.  The  method  confifts  in  foaking  the  filk 
in  a  fufficient  quantity  of  warm  water,  at  about  90  degrees,  for  about  two  hours ;  after  which 
the  threads  are  to  be  feparated  by  opening  the  haidcs  upon  a  pin,  and  lightly  rubbing  the 
parts  which  cohere.  When  the  filk  is  dry,  it  is  to  be  loofely  folded  in  its  original  form,  and 
is  ready  for  bleaching. 

The  filk  while  wet  is  fo(t»  and  part  of  its  gummy  matter  is  in  fuch  »  ftate^  that  its. 
threads  would  readily  adhere,  if  wrung  while  warm  for  the  purpofe  of  clearing  it  of  the 
water.  After  fuch  improper  treatment  there  would  be  no  other  remedy  than  to  foak  it 
again  in  warm  water. 

The  apparatus  for  bleaching  the  filk  confifts  of  a  ftone-ware  Teflel,  nearly  of  a  conical  form^ 
capable  of  holding  about  twelve  gallons,  having  a  large  opening  at  the  one  end,  and  a  fmaller 
of  about  an  inch  diameter  at  the  other  end.  Common  pottery  cannot  be  ufed  in  this  opera- 
tion,  becaufe  it  is  foon  rendered  unferviceable  by  the  a£Hon  of  the  marine  acid,  and  the* 
ftone-ware  itfclf  is  not  very  durable.  .  This  vefiel  muft  be  carefully  examined^  to  ascertain: 
that  it  does  not  leak  in  the  flighteft  degree  ;  after  which  the  infide  is  to  be  rubbed  with  z 
pumice-ftone,  to  clear  it  of  afperities  which  might  break  the  threads.  A  cover  of  the 
fame  material  is  to  be  fitted  on  by  grinding  y  and  the  fmaller  aperture^  which  in  the  ufe  is^ 
the  loweft^  is  to  be  dofed  with  a  good  cork,  in  the  middle  of  which  is  thruft  a  fmall  gla&> 
tube  about  a  quarter  of  an  inch  in  diameter ;  this  is  likewife  ftopped  with  a  cork,  except- 
ing at  the  time  when  it  is  required  to  draw  off  the  liquid  contents  of  the  jar.  A  fmall  per- 
forated  fal£e  bottom  is  placed  within  the  veflel,  to  prevent  this  tube  from  being  obftru^ied* 

• 

This  jar,  or  as  many  of  them  as  the  purpofes  of  the  manufactory  may  require,  is  fup- 
ported  by  a  wooden  frame  or  table,  at  fuch  a  height  that  a  cafk  may  be  conveniently  placed 
beneath  to  receive  what  may  flow  from  the  glafs  tube  in  the  feveral  periods  of  the  operation. 

Six  pounds  of  yellow  raw  filk  are  to  be  difpofed  in  the  earthen  pot ;  upon  this  is  to  be 
poured  a  mixture,  previoufly  made,  of  forty-e^ht  pounds  *  of  fpirit  of  wine  at  30  degrees, 
with  twelve  ounces  of  very  pure  marine  acid,  abfolutely  exempt  from  all  prefence  of  nitrous 
acid,  and  of  the  ftrength  of  14  or  15  degrees  of  Baume's  hydrometer.  The  pot  is  then  to 
be  covered,  and  the  whole  left  in  digeftion  till  the  following  day,  or  until  the  liquor,  which 
at  firft  afTumes  a  fine  green  colour,  {hall  begin  to  aflume  that  of  a  du(ky  brown  (feuille  morte)» 

The  acidulated  fpirit  is  then  to  be  drawn  off.  To  prevent  evaporation,  M.  Baume 
ihrufts  a  cork  in  the  bung-hole  of  the  receiving  calk,  in  which  is  a  Aiding  glafs  tube.  The 
ufe  of  this  tube  is  completely  to  furround  the  fmall  tube  proceeding  from  the  earthen 
veflel.  When  the  whole  of  the  fluid  is  thus  almoft  entirely  drawn  off,  clean  fpirit  of  wine 
is  poured  upon  the  filk,  and  drawn  off  repeatedly  until  it  paffes  colourlefs.  The  filk  is  then 
fuScrcd  to  drain  without  ftirring  it.    In  this  ftate  it  is  ready  for  a  fecond  infufion. 

Forty-eight  pounds  of  fpirit  of  wine  acidulated  with  twelve  ounces  of  marine  acid  is 
now  to  be  poured  on  the  filk,  and  the  whole  iufiered  to  remain  for  twenty-four  hours  or 
longer,  until  the  filk  becomes  perfe£tly  white.    The  time  required  for  this  fecond  infufion 

•  The  pound  is  nearly  a  pint,  and  is  divided  into  fixteen  ounces.  Widi  regard  t»  the  ilrengthsi  fee 
Article  IX.  p.  37. 
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ij  commonly  longer  than  for  the  firft  1  it  fomctimes  amounts  to  two,  three,  or  c\'en  Gs 
days,  according  to  circum (lances,  pamcularly  the  temperature  and  the  nature  of  the  fiik. 
Silk  which  has  been  in  the  oven  is  in  general  more  difhcult  to  bleach- 
When  the  filk  has  thus  obtained  its  utmofl:  degree  of  whitenefs,  the  acidulated  fpirit  ii 
10  be  drawn  off"  into  a  feparatc  vcflel.  This  fluid  is  but  (lightly  coloured,  and  may  be  ufed 
again  in  the  £rtl  infufion  of  other  yellow  filk,  with  the  addition  of  fix  ounces  more  of  ma- 
rine acid.  The  receiving  vclTel  is  to  be  removed,  and  another  clean  veffel  fubftitulcd  in  its 
place.  The  Tlk  is  then  fprinklcrf  with  clean  fpirit,  and  occafionally  prefled  down  with  the 
hand.  As  foon  as  the  fpirJtof  wine  comes  off  abfolutely  colourlefs,  a  third  infufion  is  to  be 
made  by  pouring  upon  the  ii!k  forly-eight  pounds  of  the  pure  fpirit  without  acid,  which  is 
to  remain  till  the  following  day  ;  it  is  then  to  be  drawn  off,  and  referred  for  washing  other 
Glk  after  the  firll  infuOon. 

After  the  (ilk  has  been  left  to  drain,  and  affords  no  mdre  fiurit,  it  ftiil  retains  its  vim 
weight  of  that  fluid.  This  is  recovered  by  the  very  fimplc  proccfs  of  fprinkling  the  filk 
with  a  fmalt  quantity  of  very  clear  river-water  at  a  lime.  While  the  water  applies  itfelf  and 
fuhfides  along  the  filk,  it  drives  the  fpirit  of  wine  before  it,  fo  that  the  firft  portions  which 
flow  from  the  tube  are  fcarccly  diminilhcd  in  ftrcngth.  The  addition  of  water  is  to  be 
continued  untU  notliing  but  mere  water  comes  off  below. 

In  this  lituaiion  the  filk  is  found  to  be  well  bleached,  but  Hill  retains  a  portion  of  marine 
acid  fufficient  to  render  it  harffi  to  the  touch,  and  after  a  time  brittle.  It  mud  be  waOied 
off  with  water.  The  bcft  methoil  is  to  put  the  filk  loofely  into  a  coarfe  woollen  bag,  which 
is  to  be  fecured  loofely  in  another  cloth  like  a  fmall  bed  or  pillow,  then  placed  in  a  baJket 
and  left  in  a  running  dream  for  five  or  fix  hours ;  but  where  the  convenience  of  a  ffream 
is  wanting,  the  earthen  pot  containing  the  filk  is  to  be  covered  with  a  cloth,  and  water 
pumped  through  it  for  five  or  fix  hours,  or  until  that  which  iffucs  from  the  lower  aperture 
gives  no  red  colour  to  the  tincture  of  lournfol.  At  this  period  the  lower  opening  is  to  be 
dofed  and  the  vcffel  filled  with  water,  which  muft  be  changed  once  or  twice  in  twenty-four 
hours. 

The  time  required  for  wafhing  was  occafionally  abridged  by  pading  fpirit  of  wine,  or  river- 
water  impregnated  with  a  fmall  portion  of  alkali,  through  the  filk.  The  neutral  fait  ihui 
produced  is  in  fa£t  lefs  adherent  to  the  filk  than  the  acid  itfcif,  but  ncverthelefs  requires 
to  be  waftied  off"  with  a  very  large  quanrity  of  water.  ' 

In  thefe  as  in  every  other  proccfs  relating  to  the  filk,  great  care  muft  be  taken  to  afcer- 
tain  (hat  the  wat^r  made  ufe  of  contains  no  nitrous  acid,  which  would  mfatlibly  occa- 
fion  impcrfeftion  of  colour,  or  fpots  in  the  article.  After  this  treatment  the  filk  is  ready 
for  drying  and  luftering;  previous  to  the  delcription  of  which,  the  author  makes  feveral  re- 
marks to  the  following  purport : 

Though  the  mineral  acids  arc  the  mod  powerful  and  dcdruflive  of  all  faHnc  fubftances, 
yet  they  may  be  applied  to  filk  when  diluted  with  fpirit  of  wine  in  very  confiderable  dofcs. 
la  triafs  made  ro  afccrtain  the  maximum,  two  ounces  of  marine  acid  were  added  to  one 
pound  of  fpirit  of  wine,  without' altering  the  filk.  Two  drams  of  marine  acid  caufe  a  very 
perceptible  alteration  in  one  pound  of  filk.  I  fuppnft-  he  means  pure  acid,  or  perhaps  di- 
luted with  warer  j  for  the  palTag*  as  it  ftanth  is  obfcurc.  Numerous  experimenls  have 
Y  %  flicwn 
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Ihewn  that  the  marine  acid  is  preferable  to  any  othen    The  proportions  admit  of  much 
latitude,  though  he  prefers  the  dofe  hereinbefore  defcribed. 

Spirit  of  wine  which  has  been  mixed  with  nitrous  acid,  cannot  be  ufed  in  bleaching,, 
r^enthough  afterwards  rectified  upon  an  alkali,  becaufe  it  dill  retains  a  portion  of  nitrous 
gas. 

Pure  fpirit  of  wine  without  acid  extrafts  a  fine  yellow  colour  from  filk,  which  does  not 
feparate  for  years,  even  though  expofed  to  the  fun's  light.  Yellow  (ilk  cxpofed  to  the  fu» 
lofes  its  colour  in  a  fliort  time.  The  acidulated  fpirit  which  has  been  ufed  in  the  infufion 
of  filk,  is  changed  by  expofure  to  the  fun,  but  not  in  fuch  a  manner  as  to  be  rendered  fit 
for  ufe  a  fecond  time. 

In  order  to  obtain  a  beautiful  white  colour,  it  is  efiential  that  the  filk  fhould  be  immerfed 
in  a  large  quantity  of  the  fluid,  efpecially  at  the  firft  infufion.  Without  this  management 
it  would  become  neceflkry  to  make  three  infufions  in  the  acidulated  fpirit.  When  the  firft 
infufion  is  well  managed,  the  filk  will  have  lod  all  its  yellow  colour,  and  become  confi- 
derably  white,  at  the  fame  time  that  the  liquor  will  have  begun  to  change  colour  a  little^ 
As  long  as  it  continues  of  a  fine  green,  it  is  certain  that  it  has  not  eidiaufted  its  whole  adioa 
upon  the  filk. 

The  duration  of  this  firft  infufion  may  be  longer  or  fliorter,  without  inconvenience,  ac* 
cording  to  the  temperature.  When  the  temperature  is  at  20  degrees  of  Reaumur,  which 
anfwers  to  77  of  Fahrenheit,  the  firft  infufion  is  often  made  in  ten  or  twelve  hours.  la 
fmall  experiments  the  heat  of  the  atmofphere  may  be  fupplied  by  the  water-bath  i  in  whidi. 
cafe,  all  the  infufions  are  eafily  made  in  the  courfe  of  a  day. 

When  the  firft  infufion  is  finiftied  and  the  liquor  drawn  off,  the  filk  appears  greenifh  :  the- 
fubfequent  wafhings  in  fpirit  of  wine  clear  it  of  the  liquor  it  retained.  This  fprinkling 
ibould  be  made  with  the  watering-pot,  otherwife  the  quantity  poured  will  be  greater,  and. 
the  management  more  wafteful. 

The  cocons  may  be  bleached  in  this  way,  but  the  kiconveniisnces  are  too  great  to  render 
this  procefs  defirable. 

Pieces  of  gauze  and  entire  garments  of  filk  have  been  fuccefsfuUy  bleached  in  this  way. 

The  fineft  natural  white  filks  are  rendered  infinitely  whiter  by  this  procefs.  Spirit  of 
wine  alone  has  the  property  of  depriving. yellow  filk  pf  its  colour,  which  it  brings  to  the 
ftate  of  the  naturally  white  filk.  In  this  ftate  the  filk  is  difpofed  to  acquire  a  greater  de-» 
gree  of  brightnefs  by  a  fingle  infufion  in  the  acidulated  fpirit.  This  procefs  has  its  ad* 
vantages  over  the  other,  to  which  it  is  alfo  inferior  in  certain  refpefts '%  concerning  neither 
of  which  the  author  has  entered  into  any  detail. 

The  colouring  matter  was  found  to  be  a  refin  perfe£Uy  animalized,  affording  by  diftilla* 
tion  the  fame  products  as  other  animal  matters,  and  the  concrete  volatile  alkali. 

Silk  whitened  by  fcouring  may  be- dried  freely  in  the  air  without  affe£ling  its  luftre. 
This  is  not  the  pafe  with  the  filk  bleached  in  the  gum :  if  it  be  left  at  liberty  to  dry  in  the 
air,  it  refembles  white  flax  without  any  luftre.  The  beauty  of  this  filk  confifts  in  its  ihining 
brilliancy ;  to  fecure  which,  it  muft  be  dried  in  a  ftate  of  tenfion.  Mr.  Baume  has  contrived 
a  fimple  machine  for  this  purpofe.  It  confifts  of  a  ftrong  fquare  frame  of  wood  ftanding 
upright  upon  feet ;  the  upper  horizontal  bar  is  fix  feet  long,  and  has  fix  iron  pins  drivea 
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Arough  it  at  equal  diftancee,  fo  as  to  projeft  on  each  fide  for  the  purpofc  of  receiving 
twelve  bobbins.  The  lower  horizonul  bar  is  moveable  up  ai]d  dowu  in  a  mortice  by 
means  of  a  fcrew  at  each  end  :  it  is  furniAicd  with  fix  holes,  adapted  to  receive  as  m^ny 
pins  to  corrcfpond  with  thofc  above.  The  Ikains  of  filk  are  to  be  drelTeJ  and  arranged 
upon  wooden  pins,  as  they  arc  taken  out  of  the  fack  from  walliiiig.  As  foon  as  there  arc 
twelve  together,  they  are  to  be  wrung  with  a  flail';  after  which  the  fkains  are  to  be  hung 
one  by  one  upon  as  many  bobbins  put  upon  the  upper  pins  of  the  fquare  frame.  Anoihec 
bobbin  with  tails  is  to  be  inferted  in  ihe  lower  loop  of  the  (kain,  and  faiteued  to  the  cor- 
refponding  pin  of  the  lower  bar,  by  means  of  a  ftrap  and  hook,  which  need  not  be  de- 
fcribcd  to  fuch  as  arc  (lightly  acquainted  with  mechanical  objefls.  When  the  machine  is 
thus  fupplicd  with  (kains  on  both  fides,  the  lower  bar  of  the  frame  is  to  be  preflld  down  by 
the  fcrews  until  ihc  filk  is  moderately  rtrctched.  When  it  is  dry,  the  fcrews  are  to  be 
equally  ilackencd,  the  fkains  taken  off,  and  folded  with  a  flight  twJIt,  that  they  may  not  be- 
come entangled. 

After  this  defcription  of  the  whole  of  his  proccfs,  the  author- proceeds  to  make  certairi 
general  remarks  on  the  white  China  filk.  He  obferves,  that  in  his  procefs  the  Glks  acquiiQ 
the  perfc(5l  wKtenefs  witliout  much  handling,  and  confequently  that  tliere  is  little  caufa 
for  ilicm  to  become  entangled.  Accordingly  the  lofs  in  unwindhig  is  found  to  be  no  greater 
than  when  they  are  unwound  in  the  yellow  (late :  that  ts  to  fay,  from  a  dram  to  a  draro. 
and  a  half  in  the  pound.     This  faving  is  of  the  greateil  importance  in  the  price  of  the  filk. 

The  filk  of  Nankin,  which  he  fuppofcs  to  be  bleached  by  fome  procefs  of  the  fame  na- 
ture, is  probably  handled  much  more.     The  lofs  is  nearly  twelve  per  cent,  when  it  cornea 


to  be  opened,  and  not  unfrequently  even  twenty-five  per  cent. ; 


1  lofs  which  cannot  Ii 
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refped  arife  from  the  package.  The  quality  of  the  Nankin  filk  dilll'ts  much  in  the  pack- 
age ;  the  external  part  being  always  of  the  bed  quality,  and  that  which  is  packed  within 
is  of  fuch  an  inferior  qurility  as  fometlmes  not  to  exceed  half  the  value.  On  examining 
this  (ilk,  It  not  only  exhiblted_un equivocal  marks  of  alkali,  hut  its  Imperfefltons  were  alfo 
of  the  fame  kind  as  thofc  which  had  nernrrpH  to  Mr.  Uaume  during  the  progreffive  im- 
provement of  his  own  manipulations.  The  bed  China  filk  was  neither  improved  nor  in- 
jured by  the  procefs  of  Baiunc ;  whence  he  concludes  that  they  are  not  naturally  white,  but 
have  undergone  a  procefs  finiilar  to  his. 

The  refult  of  the  whole  Is,  that  the  yellow  filks  of  Europe  may  be  bleached  to  equal  or- 
greater  perfeiflion  than  thofe  of  Nankin ;  and  that  thefe  may  be  even  greatly  exceeded  by 
winding  the  naturally  white  filk  apart  from  the  other,  and  bleaching  it  by  itfelf. 

The  methods  of  recovering  the  fplrit  fo  as  to  be  ufed  again,  and  of  oiiCaimng  tlie  marine 
acid  in  the  requlfitc  ftatc  of  purity,  will  be  defciibcd  in  our  next. 


IX. 

On  the  Hydrometer  of  Baume. 

-fiS  many  French  chemifts  refer  to  the  pcfc-liqueur  of  Baume,  which  has  never  been 

ufed  in  this  country,  it  will  be  of  advantage  to  defcribe  tlic  method  by  which  it  is  con- 

ftrufted,  and  fhew  the  fpccific  gravities  iadicated  by  the  graduations  upon  tlic  Hem.     In-  . 
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(lead  of  adopting  the  Umplcr  method  of  inimcdiace  numerical  reference  to  the  denCtf  of 
water  eKprtfled  by  unity,  as  is  done  in  all  modern  tables  of  fpccific  grasily,  he  had  rccourfc 
to  a  proccfs  fimilar  to  that  of  graduating  the  Jiems  of  thermometers  from  two  fixed  points. 
The  firft  of  thefe  points  was  obtained  by  immerfing  his  inflrumeni,  which  is  the  common 
areometer,  confifting  of  a  ball,  Hem,  and  counterpoifc,  in  pure  water.  At  that  point  of  the 
Hem  which  was  inccrfecled  by  the  furface  of  the  fluid,  he  marked  zero,  or  the  commence- 
ment of  his  graduations.  In  the  next  place  he  provided  a  number  of  folucions  of  pure  dry 
common  fait  in  water :  thefe  folutions  contained  refpeciively  one,  two,  three,  four,  &c. 
pounds  of  the  fait ;  and  in  each  folution  the  quantity  of  water  was  fuch,  as  to  make  up  the 
weight  equal  to  one  hundred  pounds  in  the  whole  ;  fo  that  in  the  folution  containing  one 
pound  of  fait,  there  were  ninety-nine  pounds  of  water  i  in  the  folution  containing  two 
pounds  of  fait,  there  were  ninety-eight  pounds  of  water,  and  fo  of  the  reft.  The  inftrumcnt 
was  then  plunged  in  the  fird  folution,  in  whicli  of  courfc  it  floated  with  a  larger  portion  of 
ilie  item  above  the  fiuid,  than  when  pure  water  was  ufed.  The  fluid,  by  the  interfedlion  of 
its  furface  upon  the  item,  indicated  the  place  for  marking  his  firft  degree  ;  the  fame  ope- 
ration repeated,  with  the  fluid  containing  two  pounds  of  fait,  indicated  the  mark  for  (he  fe- 
cond  degree  ;  the  folution  of  three  pounds  aiTorded  the  third  degree ;  and  m  this  manner 
his  enumeration  was  carried  as  far  as  fifteen  degrees.  The  firft  fifteen  degrees  afterwards, 
applied  witli  the  compafles  repeatedly  along  the  ftem,  ferved  to  extend  Uk  graduation  as  far 
as  eighty  degrees,  if  required. 

This  inftrumcnt,  which  is  applicable  to  the  admesfutement  of  denfities  exceeding  that 
of  pure  water,  is  commonly  diflinguifhed  by  the  name  of  the  Hydrometer  for  falis, 

The  ffydrometer  for  fpirits  is  con(tru£ted  upon  the  fame  principle;  but  in  this  the 
counterpoife  is  fo  adjuftcd,  that  moft  part  of  ihe  ftem  rifcs  above  (he  fluid  when  immerGsdl 
in  pure  water,  and  the  graduations  to  eiprefs  mferior  denfitics  are  continued  upwards.  A 
folution  of  ten  parts  by  weight  of  fait  in  ninety  pans  of  pure  water,  affords  the  firfl  point, 
■or  zero,  upon  the  (lem  ;  and  the  mark  indicated  by  pure  water  is  called  the  tenth  degree  ; 
wliencc,  by  equal  divifions,  the  remaining  dcgiccs  aic  continued  upwards  upon  the  ftem  as 
far  as  the  fiftieth  degree. 

Thefe  experiments,  in  both  cafes,  are  made  at  the  tenthi  decree  of  Reaumur,  which  anfwers 
very  neatly  to  fifty-five  of  Fajyejoheit. 

M.  Baumc  affirms,  that  ail  hi«  inftrumcnts,  acuiitrv^bcdia^eictmethods,  agreed  together 
with  the  utmoft  precifion.  From  a  few  expecimcnts,  which  however  require  to  be  care- 
fully repeated,  I  am  difpofed  to  apprehend  tlut  the  folutions  of  conuiion  fait  do  not  give  z 
fuiliciently  accurate  original  point,  and  that  they  may  differ  not  oxdy  from  the  comparative 
drynefc  of  the  fait  in  difFercni  experimenis,  but  likcwife  the  ftate  of  its  cryftals,  whether 
haftily  or  (lowly  feparated  in  their  original  fabrication,  the  purity  being  fuppofcd  the  fame. 
Such  differences  muft  confideraMy  affeft  the  remote  terms  formed  by  repetition  of  the  experi- 
mental interval  in  either  inftrument.  I  (jippofe  all  M.  Baume's  inftruments  were  confirufled 
from  folutions  made  once  for  all,  and  rcferved  for  this  purpofe-,  and  that  the  French  chemifts 
who  ufed  them  were  fupplied  under  his  direction.  For  thcCe  reafbns  I  am  more  inclined 
to  deduce  the  fpccific  gravities  from  the  experiments  of  hioifelf  aijd  another  accurate  pof- 
IcfToi  of  thde  inftruments,  than  to  recur  to  the  origiDal  method  of  CQnftKo^on. 

f)  M.  Baumc, 


M.  Baum^,  in  his  Elemens  de  Pharmacie  *,  from  which  the  whole  of  this  account  is 
deduced,  has  given  a  table  (p.  410.)  of  the  degrees  of  his  Hydrometer,  indicated  by  different 
mixtures  6f  ardent  fpirit  and  pure  water }  where,  he  fays,  the  fpirit  made  ufe  of  gave  thirty- 
feven  degrees  at  the  freezing  point  of  water  \  and  in  a  column  of  the  table  he  dates  the 
bulk  of  this  fpirit,  compared  with  dnit  of  an  equal  weight  of  water,  as  35 1  to  30.  The  laft 
proportion  aiiflRrers  to  a  (]f)ecifie  gratity  of  0.842,  very  nearly.  A  mixture  of  two  parts, 
Dy  weight,  of  this  (pirif,  with  thirty  of  ptirc  water  gave  twelve  degrees  of  the  Hydrometer 
ttt  the  ffeesing  point.  This  mixture^  therefore,  contained  6\  parts  of  filagden's  (tandard 
to  100  water,  and,  by  Gilpin's  moft  excellent^tables  f,  its  fpecific  gravity  muft  hare  beta 
0.9915.  By  the  fame  tables,  thefe  fpecific  gravities  of  0.842  and  o«99i5  would,  at  ico  Reau- 
mur, or  550  Fahrenheit,  have  fallen  to  o<832  and  0.9905.  Here  then  are  two  fpecific  gra* 
▼ities  of  fpirit  correfponding  with  the  degrees  12  and  37,  whence  the  following  taUe  is  con« 

ftmaed. 

BaVM^s  HydmMer  for  Spiriti. 

Temperature  55**  Fahrenheit,  or  10®  Reaumur. 

Sp.  Gravity  Degrees 


Begreet 

10 
II 
12 

»3 
IS 

so 

21 
22 

23 
24 

as 


I*00O 

.990 
.985 

•977 

,970 

•963 

•955 

•949 
.942 

•935 
.928 

.922 

.9*5 
.909 

.903 
.897 


I 


36 

2 
2 
29 

3«> 
31 
3» 
33 

34 

II 

37 
38 

39 

40 


Sp.  Gravity. 
.892 

.886 
.880 
.874 
.867 

Vi 
.856 

.851 

.847 

.842 

•837 
.832 

.827 

.822 

.817 


With  regard  to  the  Hydrometer  for  falts,  the  learned  author  of  the  firft  part  of  the  En- 
cyclopedic :|:,  M.  de  Morveau,  who  by  no  means  confiders  this  an  accurate  inftrument  $, 
afiirms,  that  the  fixty-fixth  degree  correfponds  nearly  with  a  fpecific  gravity  of  1.848  \  and 
as  this  number  lies  near  the  extreme  of  the  fcale,  I  Ihall  ufe  it  to  deduce  the  reft. 


Deg. 

O 


3 
6 

9 

12 


sp.  Gr. 

1. 000 
1.020 
1.040 
1.064 
1.089 


w 

21 

24 
27 

*  Fifth  edition*    PariiX784. 


BAUMJfs  HydromHirfor  Salts. 
Temperature  550  Fahrenheit,  or  !•<>  Reaumur. 

Sp.Gr.     Deg.  Sp.  Gr.     Deg.  Sp.  Gr. 

I.I  14     30    -    1.261     45    -  1-455 

''14^     33    "     '-^PS     4^    "  1-500 

1. 170     36    -     1.333      51     -  1.547 

1.200     39    -    1.373     54    -  1.594 

-    «-4H  I  57    -  1-^59 


Deg« 
60 
63 

66 
7a 


8p.  Gr. 

I.717 

1-779 
1.848 

1.920 

2.000 


-      1.230   1.42     - 
f  In  ntUoToph.  TraoC  1794.      %  Tone  I.  p.  360.  i  Farif  1796.      \  Ibid.  p.  3(1. 
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•a. 

*'Ohfervations  on  the  Soap  of  Wool,  and  its  Ufes  in  the  Arts  *.     By  J.  A.  CffjPTAL,  hijlitutor 

of  the  Polytechnic  School* 

HAVE  (hewn  the  method  of  forming,  at  any  time  or  place,  and  at  a  fmall  charge,  a 
faponaceous  liquid  adapted  to  fuppljr  -the  place  of  foap  for  domeftic  purpofejtf.  On 
the  prefent  occafion  I  fhall  offer  a  fupplement  to  my  former  work,  by  exhibiting,  as  a 
fubftitute  for  the  foft  foap  ufed  in  fulling  almoft  every  kind  of  woollen  (luff,  a  foap  of 
little  expence,  which  may  be  eafily  made  in  every  manufa£lory. 

In  every  manufa£lory  of  broad-cloth,  and  other  fabrics  of  wool,  it  is  ufual.to  full  the  (luff 
Immediately  after  it  has  paffed  the  loom.  This  operation  is  performed  not  only  for  the 
purpofe'X>f  clearing  them  of  the  oil,  but  to  give  them  the  requifite  denfity.  For  this  purpof^ 
about  thirty  pounds  of  foap  are  ufed  for  every  eighty  pounds  of  the  (luff.  This  foap  ift 
the  fouth  (of  France)  coft  twenty  livres  the  hundred  weight  before  the  Revolution.  It 
xonfumed  a  large  part  of  our  oils,  as  well  as  thofe  of  Italy,  and  all  the  wood-a(hes  of  the 
domeRic  fires  in  the  refpeflive  countries  in  which  it  was  made.  * 

Hence  it  is  obvious  how  greatly  beneficial  it  muft  prove  to  the  manufacturer,  as  well 
as  to  commerce  in  general,  to  be  able  to  fubftitute  without  difficulty,  inftead  of  the  foft 
foap,  another  compound  of  materials,  eafy  to  be  procured,  and  of  moderate  coft.  In  addi- 
tion to  the  faving  in  the  fabrication  of  the  ftuff,  .very  great  advantage  would  be  derived 
from  the  wood-a(hes  of  our  fires  being  left  for  domeftic  ufe,  or  for  the  falt-work8,^r  ma- 
nufaflories  of  green  glafs ;  at  the  fame  time  that  the  oil  formerly  confumed  would  remain 
to  be  totally  applied  to  fuch  works  as  cannot  be  cohdu£led  without  it. 

In  all  ages  this  problem  has  offered  itfelf  for  folution  to  the  Manufa£hirer  and  the  Go- 
vernment. Fullers'-earth,  pure  alkalis,  and  other  agents,  have  been  fucceffively  employed. 
The  firft  of  thefe  is  of  inferior  quality,  either  for  bleaching  or  fulling ;  the  fecond  diffolvet 
the  ftuff.  The  manufa£lurers  of  Lodcve  ftill  recollc£l  with  terror  a  charlatan  fcnt  to 
them  by  Government  a  few  years  ago,  who  pretended  to  fubftitute  the  mineral  alkali  in  the 
place  of  foap. 

To  thefe  inconveniencies  we  muft  add  that  of  not  rendering  the  cloth  fupple,  but 
leaving  it  in  poffeffion  of  that  har(hnefs  which  foap  alone  removes.  It  is  requifite,  there- 
fore, that  whatever  fubftance  may  be  offered  as  a  fubfticute  for  this  article  (hould  poffefs 
the  qualities  of  cleaning,  fulling,  and  foftening,  the  ftuff.  The  compofition  I  am  about 
to  defcribe  poffeffes  all  thefe  advantages.  Experiments  have  been  made  at  my  requeft,  at 
Lodeve,  by  Citizen  Michel  Fabriguette,  who  is  intimately  acquainted  with  natural  philo- 
fophy,  and  a  fkilful  manufa£lurer  of  drapery. 

The  whole  operation  confifts  in  making  an  alkaline  lixivium  of  wood-aihes  or  pot-a(h, 
and  diffolving  therein,  at  the  boiling  heat,  old  rags  :f,  or  clippings  of  wool,  to  the  point  of 

*  Nearly  a  literal  tranflation  from  the  Annalcs  de  Chimie,  XXF.  27. 

f  See  the  Report  of  Citizens  PeJlctier,  D' Arccr,  and  Le  Licvrc,  on  the  fabrication  of  Soap. 

J  Old  woollen  rags  are  a  very  cheap  article  in  this  copntry.  But,  as  cv^ry  other  kind  of  hair  muft  cer- 
tainly anrv\er,  and  horns  and  hoofs  probably  .will,  there  muft  be  an  immenfe  and  probably  cheaper  fource  in  the 
rcfufc  of  the  tanners,  hog-butchers,  homers,  aQd  comb-cutters.    All  thcfc,  at  prefent,  are  ufed  only  as  mi- 

aurc,     N, 

faturation. 
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faturatlon.     The  produ£l  is  a  foft  foap,  very  foluble  in  water,  of  a  green  greyifli  colour, 
well  blended  (bien  lie),  and  poflefling  an  animal  fmelli  which  the  cloths  lofe  by  wafliing  and 
expofure  to  the  air. 
The  various  experiments  I  have  made  on  this  fubje£l  have  prefented  the  following  refults: 

1.  As  foon  as  the  wool  is  plunged  in  the  boiling  liquid,  the  filaments  adhere  together, 
and  a  (light  agitation  is  fufEcient  to  effeil  the  complete  folution. 

2.  The  lye  becomes  coloured,  and  gradually  thickens,  in  proportion  as  more  wool  is  added. 

3.  The  foap  is  more  or  lefs  coloured  accordingly  as  the  wool  is  lefs  or  more  clean  and 
white. 

4.  The  pile  or  hairs  which  are  mixed  with  the  wool  are  more  difficult  of  folution. 

5.  The  quantity  of  wool  the  alkali  is  capable  of  diflblving,  depends  upon  the  (Irength  of  the 
lixivium,  its  caufticity,  and  the  degree  of  heat.  Two  pounds  three  ounces  and  fix  drams  of 
cauftic  alkali,  at  twelve  degrees  *  of  concentration,  and  at  the  boiling  heat>  diflblved  ten 
ounces  four  drams  of  wool.    The  foap,  when  cooled,  weighed  one  pound  four  ounces. 

An  equal  quantity  of  alkali,  at  the  fame  degree  of  caufticity,  heat  and  concentration,  in 
which  I  difTolved  four  ounces  of  wool,  did  not  acquire  confidence  fufficient  to  anfwer  feveral 
of  the  purpofes  required. 

An  equal  quantity  of  alkali,  marking  four  degrees,  diflblved  only  two  ounces  feven  drams  of 
wool.     The  foap,  when  cooled,  weighed  fourteen  ounces.    It  was  of  a  good  confidence. 

6.  In  proportion  as  the  wool  is  diflblved  in  the  lixivium,  the  folvent  power  of  the  alkali 
decreafes,  and  at  laft  it  takes  up  no  more.  It  is  at  this  period,  namely,  when  the  wool  being 
agitated  in  the  fluid  is  no  longer  diflblved,  that  the  operation  muft  be  terminated. 

I.  Thi  Choice  and  Preparation  §f  Materials. 

The  materials  required  to  form  this  foap  are  two,  alkaline  matters  and  wool. 

The  alkaline  fubftances  may  be  obtained  from  the  afhes  of  common  culinary  fires  f,  and 
the  lye  made  by  the  well-known  procefles.  Lime  is  to  be  ^flaked  with  a  fmall  quantity  of 
water;  the  pafte  is  to  be  mixed  with  fifted  wood-afhes,  in  the  proportion  of  one*tenth  part  of 
quicklime  compared  with  the  weight  of  the  afhes.  The  mixture  is  to  be  put  into  a  fmall  ftone 
trough  (for  wooden  vefliels  colour  the  lye,  and  become  fpeedily  ufelefs) ;  water  is  to  be  poured 
on  to  the  depth  of  feveral  inches.  After  a  certain  time,  the  folution  may  be  dravni  oflFat  an 
aperture  formed  in  the  bottom  of  the  vefTel  for  that  purpofe.  It  muft  not  be  drawn  oflF  but 
at  the  moment  previous  to  its  ufe,  and  may  have  the  ftrength  from  four  to  fifteen  degrees. 
But,  indeed,  it  is  of  little  confequence  what  the  flrength  may  be,  becaufe  the  only  difference 
refulting  from  the  ufe  of  a  weak  or  a  ftrong  lye  is,  that  the  quantities  of  wool  which  are 
diflblved,  will  diflFer  accordingly. 

The  potafh  of  commerce  may  be  employed  in  the  fame  manner,  by  mixing  one-third  of  its 
weight  of  quicklime. 

As  to  the  choice  of  the  wool,  every  one  knows,  that  in  the  manufa£lories  of  woollen  cloths  of 

**  Qu.  By  what  meafure  ?— It  is  greatly  to  Be  wiflied  that  all  meafures  derived  from  the  den(ity  of  fluids  wxre 
reduced  to  the  common  expreiTionof  the  tables  wherein  water  is  takea  as  unity  or  i.ooo>  N. 

f  Wood  being  much  more  ufually  burned  in  France  than  in  England,  their  common  alhes  are  what  in  London 
are  obtained  only  from  the  bakers.  The  uninftru6ted  workman  fhould  be  aware  tliat  coal-aihes  are  unBt  for 
this  (rarpofe. 
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«Ycry  kind,  there  are  a -number  of  operations  performed,  from  the  firft  wafhing  of  the  ma- 
terial to  the  laft  package  of  the  finiflievl  article,  which  oGcafion  more  or  lefs  of  lofs.  The 
water  in  which  the  wool  is  agitated  to  clean fe  it,  the  floor  on  which  it  is  fprcad  out,  the 
warehoufe  where  it  is  depofiied,  all  afford  wafte  wool ;  as  do  the  operations  of  beating,  carding, 
fpinning,  weaving,  fulling,  napping  and  folding.  In  all  thefc  feveral  manipulations  we  every 
where  fee  a  refidue  of  wool>  which,  it  is  true,  is  colledted  with  fome  care  \  but  many  of  thefe 
operations  are  of  fuch  a  nature,  that  the  remains  of  wool  they  afford  are  foiled  and  mixed 
with  foreign  matters,  or  elfe  cut  and  rendered  too  fhort  to  enter  inta  fome  fabrics ;  fo  that 
they  are  moftly  thrown  on  the  dunghill.  This  manufaflure  of  foap  affords  the  means 
of  converting  them  all  to  ufe.  Nothing  more  is  required,  but  to  colleii  them  all  in  thofe 
baikets  in  which  the  wool  is  waOied,  and  to  wafh  them  with  care,  for  the  purpofe  of  fepa* 
rating  impurities  and  foreign  fubftances ;  aft^r  which,  they  are  to  be  reCerved  for  this  ufe. 

The  cuttings  of  all  the  woollen  (luflTs,  afforded  by  the  (hops  of  manufa£lurers,  dealers,  tay- 
lors,  and  the  like,  may  be  advantageoufly  coIle£led  for  this  purpofe  \  and  the  fame  advantage 
may  be  derived  from  the  remains  of  garments  after  they  are  wora  out. 

II.  Method  .of  Making  the  Soap, 

When  the  lye  and  the  wool  are  both  ready,  it  remains  only  to  caufe  the  lye  to  boil  in  a 
vefTel  of  the  common  form.  When  it  has  arrived  at  this  point,  the  wool  is  to  be  added  by 
fmall  quantities  at  a  time,  and  agitated  to  caufe  a  more  fpeedy  folution.  Care  muft  be  taken 
not  to  add  more  wool,  until  the  firfl  portions  are  diflblved.  The  operation  muft  be  ftopped 
the  moment  the  liquor  refufes  to  diflblve  more. 

From  the  operations  in  the  large  way,  made  by  Michel  Fabriguette,  with  foaps  of  his  own 
fabrication,  after  the  method  I  communicated  to  him,  it  is  certain  that  this  foap  cleans,  felts^ 
and  fupples  the  cloths  perfectly  well.  But  its  ufe  rcq^uires  a  few  important  obfervationa  to 
be  made. 

K  When  the  foap  is  not  made  with  the  requifite  care,  or  when  dirty  or  coloured  wool  has 
been  employed,  the  fabric  receives  from  the  foap  a  grey  tinge,  which  it  is  very  difficult  to 
eradicate.  This  tinge  is  of  no  confequence  when  the  ftuff  is  intended  to  be  dyed  \  but  it 
would  injure  the  beauty  of  that  white, colour  which  in  certain  goods  is  intended  to  be  pre- 
ferved.  The  remedy  confifls  in  employing  the  moft  felecl  materials  to  form  the  foap  in-  , 
tended  for  fuch  delicate  applications.  ' 

2.  Stuffs  fuUed  with  this  foap  contraft  an  animal  odour,  which,  though  not  very  ftrong, 
is  neverthelefs  difagreeable  ;  but  water  and  the  air  completely  remove  it. 

After  having  fucceedcd  in  the  employ  of  this  foap  in  fulling  cloths  made  of  w^ol,  I  at- 
tempted to  fubftitute  foda  for  potalh,  and  to  form,  according  to  the  procefs  here  defcribed,  a 
folid  foap,  proper  for  the  operations  of  dyeing  cottons.  My  experiments  have -fucceeded  be- 
yond my  hopes. 

Forty- fix  pounds  of  foda  at  eight  degrees  difTolved  at  the  temperature  of  ebullition  five 
pounds  of  wool  *,  and  afforded,  by  cooling,  fixteen  pounds  fourteen  ounces  of  foap  fufHcicntly 
folid  not  to  be  fpread  (couler). 

^rhe 

•  It  i*5  affirmed,  that  when  common  fea  fait  is  thrown  into  the  combination  of  oil  and  vegetable  alkali  in  the  pro- 
cefs of  loap- making,  the  cflcflconfifts  not  merely  in  the  feparation  of  the  foap  from  the  water,  now  rendered  fait, 
but  thut  thfi  alkalis  chaige  place ;  fo  that  the  fjap  obuins  the  mineral  alkali,  and  the  fluid,  inftcad  of  contain- 
ing 
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Tlie  firft  wool  which  is  thrown  into  the  foda  diflblvcs  readily  ;  but  it  is  afterwards  feen  that 
the  fluid  gradually  becomes  thicker,  and  that  the  diflblution  becoiics  more  dilhcult  ani 
flow. 

The  firft  folutions  render  the  liquor  green  ;  after  which  it  becomes  black,  and  the  fnap, 
when  cooled,  preferves  a  blackilh  green  colour. 

This  foap  has  been  employed  in  every  manner,  and  under  every  form,  in  my  manufaftory 
for  dyeing  cottons ;  and  I  am  at  prefent  convinced  that  it  may  be  fublVituted,  inftead  of  the 
faponaceous  liquid  we  make  from  the  lixivium  of  foda  and  oil,  to  prepare  (apprcter)  the  cot- 
tons. I  have  conftantly  obfcrved,  tliat  by  diflblving  a  fuilicient  quantity  of  this  foap  in  cold 
water  to  render  the  fluid  milky,  and  by  working  (foulant)  the  cotton  with  the  apparatus 
which  is  well  known,  it  is  fuflScient  to  pafs  the  cotton  three  times  through,  drying  it  each 
time,  in  order  that.it  maybe  as  well  difpofed  to  receive  the  dye  as  that  which  has  been  paiTed 
feven  times  through  the  ordinary  folution  of  foap.  This  will  not  appear  furprifing  when  it 
is  confidercd  that  animal  matters  arc-very  proper  to  difpofe  thread  and  cotton  to  receive  the 
dye,  and  that  fome,  of  the  operations  of  our  dye-works  confift  fimply  in  impregnating  them, 
with  thefe  fubftances. 

It  is  to  be  obferved,  that  cotton  which  has  pafled  through  a  folution  of  this  foap  acquires 
a  grey  tinge  nearly  fimilar  to  what  it  gains  by  aluming,  while  the*  common  foap  liquors  give 
it  the  moft  beautiful  white  colour.  But  this  grey  colour  is  not  at  all  prejudicial  to  the  dye- 
ing proceflcs,  as  we  have  remarked  in  fpcaking  of  woollens. 

I  muft  remark,  in  confirmation  of  this  laft  ufe,  which  I  attribute  to  the  foap  of  wool,  that 
after  having  impregnated  cotton  with  it  by  the  ordinary  procefs,  I  caufed  it  to  pafs  through 
all  the  operations  to  which  wool  is  fubjefled  to  produce  the  fcarlet  dye.  The  cotton  ac- 
quired a  deep  and  very  agreeably  flefli  colour ;  whereas  the  cotton  which  had  not  received 
this  preparation  came  out  of  the  bath  with  its  natural  colour.  This  firft  eflTay  promifes  ad- 
vantageous refults,  which  I  mean  to  purfue. 

It  may  be  of  fome  utility  to  obferve,  that  the  foap  of  wool  may  be  beneficially  fubftituted 
inftead  of  common  foap.  In  domeftic  operations  I  have  profitably  applied  it  to  wafh  linen, 
and  particularly  woollen  garments  and  other  articles.  I  have  no  doubt  but  the  facility  and 
economy  which  it  prefents  in  its  fabrication  *  will  ferve  to  extend  its  ufe  ftill  further  j  but  in 
the  mean  time  I  have  thought  it  proper  to  (hew  the  variqus  objects  to  wl^ich  I  have  applied  it. 

Obfervattonn 

As  the  foap  of  wool  gives  a  grey  tinge  to  piece-goods,  which  it  is  difficult  to  Eradicate,  it 
follows,  that  it  cannot  be  ufed  for  bleaching  linen,  unlefs  it  be  made  of  white  wool  fcIc<Sted 

and, carefully  wafhed.  ' 

% 

ing  common  f^lt,  will  be  found  to  contain  the  combination  of  marine  acid  and  vegetable  alkali.  I  do  not  know  if 
this  has  been  ihown  to'bp  really  the  cafe,  nor  whether  this  indire6t  procefs  be  of  much  value.  If  it  be  fully  as 
here  (latecl  (which  I  doubt),  our  foaps  muft  owe  their  inferiority  to  thofe  of  Spain  to  the  animal  oil  they  conuin, 
and  not  to  rhcir  alkali.    N. 

*  The  etfttS):  of  the  Excifc  Laws  in  Briuin  confines  the  manufacture  of  foap  to  premifes  rcgiftcred  in  form* 
and  regularly  vifttcd.  What  the  general  effcfls  of  this  arrangement  may  prove  on  our  great  national  manufafturc 
i)f  woollens,  "lore  cfpccially  if  the  prefent  invention  (hould  amply  come  up  to  dvc  expectations  here  excited, 
isaqucftion  that  well  dcfcr^'cs  to  be  inveftigated.    N. 

O  a  Xl.  Ext  raff 
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Extra5l  of  a  Metnotr  concerning  three  different  Species  of  Carbonated  Hydrogenous  Gas^  obiained 
from  Etker  and  Alcohol  by  different  ProceJfeSy  forwarded  to  the  National  Inflitiste  of  France  by 
the  Society  of  Dutch  Chemijls  ;  being  Part  of  a  Report  read  to  the  Firfl  Claft  of  the  Inftitute^  by 
Citizen  FoURCROT^  at  the  Sitting  of  the  26th  Frimaircy  l6tb  December  1796*. 

V>ilTIZENSBondtj  Dciman,  Van  Trooftwyk  and  Lauwerenberg)Chemift8,of  Amfterdamj 
who  for  feveral  years  paft  have  made  experiments  together,  and  have  afaready  rendered  great 
fervices  to  thefcienccs,  fent  on  the  (irft  Fruftidor  of  the  fourth  year  to  the  Inftitute,  a  Memoir 
addrefled  to  that  body  by  C.  Van  Mons  of  Bruflels,  its  alTociate.  As  the  fubjecl  it  treats- 
of  relates  intimately  to  the  progrefs  and  ftate  of  modem  chemiftry,  it  becomes  neceflfary  to 
give  an  account  as  ample  as  the  novelty  and  importance  of  the  fubje£l  demand. 

Several  months  before  the  arrival  of  this  Memoir,  the  Infticute  had  received  an  account 
of  the  difcovery  it  announces.  The  contents  of  the  letters  of  C.  Van  Mons,  on  this  difco- 
very  made  in  Holland,  forwarded  to  the  Liftitute  in  Ventofc  the  fourth  year  ^March  1796), 
were  as  follows : 

The  olefiant  gas,  which   is  fo  called  from  its  chara£leriftic  property  of  forming  oil  in  a 
circumftance  which  (hall  be  defcribed,  is  formed  of  a  mixture  of  feventy-five  parts  of  con- 
centrated fulphuric  acid  with  twenty-five  parts  of  alcohol,  even  without  the  aiEftance  of 
foreign  heat.     It  is  likewife  formed  by  pafling  alcohol  or  ether  in  vapour  over  filex  or  alu- 
mine  in  a  tube  of  glafs,  or  fimply  in  a  tube  of  pipe  earth  ignited  without  addition.    It  is 
not  formed  by  the  paflage  of  the  alcoholic  or  ethereal  vapour  in  a  tube  of  glafs  ignited  with- 
out filex  or  alumine,  nor  in  the  fame  tube  containing  lime  or  magnefia.    The  inflammable 
gas,  which  is  obtained  in  this  laft  cafe,  is   no  longer  fufceptible  of  becoming  olefiant,  by  a 
fecond  tranfition  through  filex  or  alumine.     The  olefiant  gas  is  not  abforbed  nor  altered  by 
remaining  over  water  5  with  a  fmall  quantity  of  oxigenated  muriatic   acid  gas  it  forms  an 
ethereal  oil.     Mixed  with  this  gas  in  equal  proportions,  and  fet  on  fire,  it  lets  fall  a  great 
quantity  of  carbone;   when  0.25,  or  0.20,  or  0.15  of  oxigenated  muriatic  acid  gas  is 
added  to  0.75,  or  0.80,  or  6.85,  of  olefiant  gas,  and   the  mixture  fet  on  fire,  the  carbone 
appears  immediately  in  the  form  of  very  fine  lamp-black.     The  greater  the  proportion  of  the 
olefiant  gas,  the  more  perceptible  is  the  appearance  of  carbone  during  the  inflammation. 
Too  large  a  portion  of  oxigenated  muriatic  acid  converts  it  into  carbonic  acid.  This  experi- 
ment pr()ves  that  the  hydrogene  attrafts  oxigene  more  ftrongly  than  the  carbone  docs. 
C.  Van  Mons  thinks,  in  his  letters  on  thb  fubje£l,  that  the  olefiant  gas  is  a  true  carbonated 
hydrogenous  gas. 

Five  months  after  this  firft  account,  on  the  firft  of  Fruftidor,  in  the  fourth  year  of  the  Re- 
public of  France  (i8th  Auguft  1796),  C.  Van  Mons  forwarded  to  the  Inftitute  the  Memoir 
of  Citizens  Bondt,  Deiman,  Van  Trooftwyk  and  Lauwerenberg,  in  which  thefe  chemifts 
have  with  great  care  defcribed  the  properties  of  this  gas,  which  they  had  difcovered,  and 
which  was  already  known  by  the  name  of  the  olefiant  gas.  This  Memoir,  which  is  very  well 
drawn  up,  confifts  of  twenty-four  paragraphs  ;  the  fubftance  of  which  we  (hall  here  relate. 
In  the  firft  paragraph  the  authors  obferve,  that  the  gas  which  is  difengaged  during  the  mu- 
tual adion  of  concentrated  fulphuric  acid  and  alcohol,  which  was  known  tooccafion  frequent 
ruptures  of  the  vcflels,  to  burn  with  an  oily  flame,  which  had  caufed  it  to  be  preferred  in 

^  Annales  de  Chimic,  XXI.  4S. 
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lamps  fupported  by  inflammable  air,  appeared  to  them  deferving  of  a  particular  examination 
in  confequence  of  the  curious  properties  it  prefented,  particularly  when  compared  with  the 
galTes  afforded  by  alcohol  and  ether  treated  by  other  methods. 

Secondly,  From  having  remarked  that  the  gas  is  difengaged  towards  the  end  of  the 
procefs  for  making  ether,  they  took  the  proportions  of  the  mixture  which  cxifts  at  this 
period  of  the  etherification }  that  is  to  fay,  four  parts  of  concentrated  fulphuric  acid  and 
one  of  alcohol,  and  treated  this  mixture  in  a  common  glafs  body  appropriated  to  the  pro- 
du£tion  of  aeriform  fluids. 

The  third  paragraph  defcribes  the  feries  of  phenomena  which  take  place  during  the  pro- 
duction of  this  gas.  The  mixture  heats  and  becomes  brown ;  gas  is  extricated  without 
the  application  of  external  heat ;  but  when  fuch  heat  is  applied,  the  eflFervefcence  greatly 
increafes,  the  colour  of  the  mixture  becomes  black,  the  gas  pafles  abundantly ;  it  is  even 
ncceflary,  to  prevent  the  whole  of  the  liquor  from  quitting  the  veflTel,  that  the  heat  fhould 
be  withdrawn.  The  refidue,  after  the  extra£lion  of  the  gas,  confiils  of  fulphurepus  acid 
mixed  with  coal,  which  renders  it  black.  Citizen  Fourcroy  remarks,  that  the  defcnption 
makes  no  mention  of  ether  being  produced. 

[To  be  concluded  in  the  next  Number,'^ 
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xjlS  the  prefent  Journal  is  defigned  to  embrace  every  branch  of  ufeful  knowledge,  both  in 
fcience  and  the  arts,  a  certain  portion  of  it  will  be  devoted  to  the  infertion  of  fuch  mathe- 
matical diflTertations  and  queftions,  as  by  their  novelty  or  importance  appear  to  deferve  the 
attention  of  the  public.  Every  communication,  therefore,  of  this  kind,  directed  to  the  Edi- 
tor, poft  paid,  will  be  thankfully  received,  and  publifhed  as  early,  in  fome  of  the  fucceeding 
numbers,  as  the  plan  of  the  work  will  admit ;  but  it  is  particularly  requefted  that  the  con- 
tributors of  queftions  will  dire£l  them,  as  much  as  poflible,  to  pra£tical  or  theoretical  im- 
provement \  as  none  that  are  forced,  or  framed  upon  obfcure  enigmatical  principles,  which 
when  difcovered  are  of  no  value,  will  be  inferted. 


The  following  ^ESTIONS  are  propofed for  Solution. 

Question  I.  Bj  J.  B. 

IT  is  required  to  divide  the  half  of  a  given  right  line  into  a  given  number  of  parts,  fo.  that 
each  part,  and  the  fum  of  that  part  and  the  remainder  of  the  whole  line  may  be  in  geome- 
trical progreflion }  this  being  a  queftion  of  pradical  utility  in  the  divifion  of  the  monochord 
•r  mufical  ftring. 

Question  II.  By  Capt.  JV.  Mudg£. 

IT  is  required  to  determine  the  centrifugal  force  of  a  body  moving  in  the  circumference 
of  a  circle,  by  the  pure  principles  of  fluxions,  inftead  of  deriving  it  from  the  do&rine  of  indi- 
vifibles,  as  is  done  by  Newton  in  the  Principia. 

SCIEN. 
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SCIENTIFIC   NEJVS. 

1  HE  Public  will  licar  with  much  pleafure,  that  the  Journal  des  S<;avans  and  the  Aiuulcs 
dc  Chimie  arc  both  revived.  The  former  work,  as  ufual,  is  anonymous,  though  the  paper* 
are  marked  by  initials  or  charndlers.  The  latter  prefents  the  rcfpcclable  names  of  its  au-* 
tliors,  Guyton,Mon^e,  Bcrthollet,  Fourcroy,  Adet,  Scguin,Vauquelin,  Pclletier,  C,  A.Pricur, 
Chaptaly  and  Van  Mons. 

Of  the  Journal  des  S9avar:s,  four  numbers  have  reached  England,  commcnciiig  16  Nivofe, 
an.  5  (Jan.  5,  1797),  continued  on  the  30th  of  the  fame  trimeftre,  and  afterwards  publiflicd 
on  the  fame  days  of  each  trimeftre  refpe^lively.  The  laft,  3oPluviofc,  therefore  anfucrs  to 
Feb.  18.     Regular  extracts  will  in  future  be  given  in  our  Journal. 

The  firft  number  contains  au  introdu£^ion  and  a  general  (ketch  of  the  flate  of  letters, 
fcienceSy  and  arts  in  Europe,  at  tlie  commencement  of  tlie  fifth  year  of  the  French  Republic 
(23  Sept.  1796).     The  latter  is  drawn  up  with  the  hand  of  a  maAcr. 

Scientific  matters  contained  in  the  fecond  number  are:  i.  The  public  fitting  of  the  Na-  ' 
tional  Inflitute  of  the  15th  Nivofe.  Citizen  Prony  announced  three  aftr9nomical  memoirs  of 
Citizen  Flaugergue,  aflbciate  ;  and  tlie  continuation  of  the  great  work  of  Citizens  Dclambie 
and  Mechain  on  tlie  Meridian  from  Bayonne  to  Dunkirk,  which  will  be  finifhed  in  the  year 
6.  Citizen  Laccpede  announced  the  following  memoirs : — On  the  fulphureous  acid,  by 
C.  Fourcroy  and  Vauquelin — Various  works  of  C.  Lamarque  on  the  general  principles  of 
Chemiftry,  from  which  a  chromometric  fcale  is  obtained— Defence  of  the  new  chemical 
theory  againfl:  a  German,  by  C.  Van  Mons,  aflcciate — On  the  fubftance  of  gold,  by 
C.  Chaptal,  aflbciate — On  vegetable  juices>  by  the  fame— On  the  gluten  of  wheat,  by 
C  Texier — On  the  teeth  of  animals,  particularly  the  horfe,  by  C,  Tenon — On  the  nature 
jtnd  caufes  of  vertigo  in  horfes,  by  C.  Huzard— Refearchcs  on  the  epidemical  diforders  of 
cattle,  by  the  fame — An  elementary  table  of  the  hiftory  of  animals,  by'  C.  Cuvier — On  the 
ufe  of  mercury  in  the  fmall-pox,  by  C.  Defcflarts. 

TJae  travels  continued  with  fuccefs  by  various  members  of  the  Inflitute,  afforded  Citizen 
Lacepede  an  opportunity  for  a  well-timed  digrcDTion  in  form  of  an  invocation  to  I^cace, 
which  was  greatly  applauded. 

The  Citizen  Talleyrand,  one  of  the  fccretaries  of  the  fecond  clafs,  gave  an  account  of  its 
labours.  They  confift  of  two  memoirs  on  Ideology,  by  C.  Tracy,  aflbciate — Two  memoirs 
of  C.  Laromiguiere,  aflTociate  •,  one  on  the  operations  of  the  human  undtrflanding ;  the 
other  on  the  fignification  of  the  word  Idea — On  the  converfion  of  the  territorial  impoll  into 
a  duty  on  fucceflions,  by  C.  Duvillard,  aflbciate — On  public  credit,  by  C.  Dyanniere, 
alTociate — Inquiries  refpcfting  the  Arabian  Gulf,  by  C.  Goflelin — Concerning  the  manners 
of  the  Greeks  in  the  time  of  Homer,  by  C.  Levcfque — Three  hlflorical  memoirs  j  one  rc- 
fpcfting  the  Egyptians,  another  on  the  Swifs,  and  the  third  concerning  Peru,  by  C.  Anquetil 
—Notice  refpeSing  Sylvain  Bailly,  by  C.  Delifle  de  Sales. 

Citizen  Scguin,  aflbciate,  read  a  memoir  on  the  tanning  of  flcins.  His  procefs,  of  which 
foxne  account  has  already  been  giv^n*,  is  faid  to  produce  the  fame  cflFefi  in  one  month,  as  by 
the  ancient  procefs  required  fifteen  or  eighteen. 

•  ■    ■  ■ 

*  Page  16  of  this  Jouraal- 

Citizen 


•  • 


Atcounts  of  Foreign  Publications'*  4  7 

Citizen  Desfontaines  read  a  memoir  on  the  cultivation  of  fj[MCCS  in  Guiana.  Three  hun- 
dred exotic  trees  were  carried  thither  by  C.  Martin  ;  and  it  appeared  that  the  clove,  among 
others,  afforded  a  very  confiderable  produft.  ' 

Citizen  Dupont  de  Namours  read  a  memoir  on  the  fociability  and  morality  of  the  dqg-, 
the  fox,  and  the  wolf.  The  title  excited  the  public  attention  •,  and  the  effefts  of  the  dif- 
courfe,  which  was  original,  philofophical,  and  lively,  was  fuch  that  it  gained  much  applaufe. 
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Befihreihung  einer  Reife,  bfc.  or  Travels  in  Germany  and  Switzerland  in  the  Tear 
1781,  with  Obfervations  on  the  Sciences,  Induftry,  Religion  and  Manners.  By  Frederick 
Nicolai.    Vol.  XT.  and  XII.     Berlin.and  Stettin,  1796,  in  oftavo. 

Nicolai  publiflied  the  firft  volumes  of  his  Travels  in  1783,  at  that  time  offered  for  fub- 
fcription,  and  he  has  fince  brought  them  out  two  volumes  at  a  time.  The  9th  and  loth 
appeared  in  1795.  This  work  is  greatly  elleemed  in  Germany.  The  title  of  Travels, 
though  the  author  really  pafTed  through  the  countries  he  defcribes,  is,  properly  fpeaking,  no 
more  than  a  vehicle  for  numerous  obfervations  on  manners,,  population,  induftry,  and 
fcience.  Particular  difTertatlons  on,  various  objefts  are  infcrted.  Thus  the  xith  volume  con- 
tains difTeftations  on  the  Celts,  theSuabians,  the  Celtic  language.  Sec. ;  and  the  xiith,  ob- 
fervations of  much  importance  on  certain  geographical  denominations,  which  Pliny,  Pto- 
lomy,  and  others,  give  to  places  fituated  at  the  Black  Foreft  and  in  Helvetia.  It  muft  not 
Be  concluded  that  this  account  contains  little  novelty  becaufe  the  Travels  publiftied  by  the 
author  were  made  in  1781.  To  the  recital  of  his  aflual  travels  Nicolai  has  added  a  work 
of  the  clofet,  perhaps  much  too  extended,  which  confifts  in  a  numerous  colleflion  of  notes 
and  tables  relative  to  ftatiftics.    Some  are  dated  in  the  year  1796. 

The  works  of.  Nicolai  are  more  particularly,  efteemed  in  Germany,  in  refpedl  to  the  ob- 
jeds  o£  political  oeconomy  they  contain.  • 

Uebcr  die  KuUur-verhaltniJe,  t?*^.  or  An  Effay  on  the  comparative  Culture  of  Land  in  the 
Tarious  States  of  Europe  ;  in  which  an  Attempt  is  made  to  determine,  by  the  Magnitude  and 
Population  of  the  feveral  States,  the  Degree  of  Cultivation  of  the  European  Dominions. 
With  fixteen  large  Tables,  exhibiting  the  Surface  and  Pof^ulation  of  the  European  States. 
By  Aug.  Fred,  Guil  Crome-  Leipfick,  1792;  i  vol.  odavo;  398  pages  of  text,  and 
112  of  additions. 

Stctijiiche  Uelerftchty  tifc.  A  Statiftical  View  of  the  Provinces  of  theRudian  Empire,  w\ih 
regard  to-  the  comparative  Cultivation  of  the  Land^  By  H.  Storch.  Riga,  1795  ;  Uart- 
knock;   I  vol.  fmall  folio,  131  pages. 

Geographifch'Siatiftiche  Tabellen  ;  Tables  of  the  Statiftical  Geography  of  Switzerland.  By 
H.  K.     Zurich,  1795  ;  Ziegler  and  Sons^   i  vol.  fmall  folio ;  feven  tables. 

Annalen  der  Staaiskrafte  von  Europa.  Annals  of  the  Powers  of  the  feveral  States  of  Eu- 
rope confidered,  with  regard  to  the  prefent  State  of  Natural  Philofophy,  Commerce,  Science, 
and  Political  Relation.  The  whole  drawn  up  in  the  Form  of  Tables.  By  Ad.  Frid.  Randel. 
Berlin,  1792;  Frid.Vieweg;   i  voL  fmall  folia         » 

Der  Polynomifche  Lehrfatz^  i^c.  Principles  of  the  Dodrtne  of  Polynomials,-,  the 
moft  intercfting  Problem  of  Analytical  Science,  with  fomc  other  Theorems  relating  thereto, 
explained  and:  developed,    by  Tetens,   Kluegel,  Kramp,  PfafF,  and  Hindenburg.     The 
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latter  his  aHded  an  abridged  Sumnury  of  the  Method  of  Combinations,  and  their  U£e  in 
analytical  Procefles.    Leipfick,  Fleifcher  the  younger,  1796,  8vo. 

Ueber  die  Methode  des  Hrn.  La  Grange^  ^c.  A  Diflcrtation  on  the  Method  of  Mr.  La 
Grange,  for  refolving  all  Equations  by  means  of  Series.  By  F.  W,  A,  Murhard. — Gottin* 
gen,  Rofenburg,  1796,  4to. — 16  pages. 

Die  neiiejien  Entdechungen^  iffc.  The  new  Difcoveries  in  Eleflricity  coniidered  with 
regard  to  Natural  Phllofophy  and  Medicine,  collefted  by  Charles  Gottlieb  Kuenh.    Part  I. 

Leipfick,  1796,  8vo. 

Dr.  Lorcnz  DecrcU  has  tranflated  into  German  the  firft  volume  which  has  appeared  of 
Kirwan's  improved  edition  of  Mineralogy,  with  Obfervations.  It  is  printed  for  Nicolai  at 
Berlin. 

Handbuch  der  neuejlen  Erdbefchreibung :  or,  A  Manual  of  the  mod  modern  Geography.  By 
Gafparis,  ProfefTor  at  Jena.   Vol.  I.  8vo.    Weimar,  December  1796. 

A£la  Eledl.  Mogunt.  Scientiarum  utilium,  qux  Erfurti  eft,  ad  Annum  1794  &  17959 
cum  Figuris  in  4to  maj.    Erfort,  G.  A.  Reyfer. 

Traite  d^Harmonie  isf  de  Modulation.  Par  H.  F.  M.  Langli.  A  Treatife  of  Harmony 
and  Modulation.  By  H.  F.  M.  Langlc,  fome  time  Firft  Mafter  of  the  Confcrvatory  of  Piety 
at  Naples,  and  Profeflbr  at  the  Confcrvatory  at  Paris. — ^This  treatife  is  divided  into  two 
parts.  The  firft  exhibits  all  the  praflicable  concords  in  harmony,  and  the  fecond  all  the 
pofTible  modulations.  **  The  autliors  have  treated  this  fecond  part,"  fay  the  Journalifts,  **  in 
fuch  a  manner  as  to  facilitate  to  beginners  on  the  piano-forte  and  the  harp  the  difficult  ac- 
compliftiment  of  preludes."     Boyer,  Paris. 

Two  Tranflations  of  Spalanzani's  Travels  in  the  Two  Sicilies  have  appeared  ;  the  one  at 
Berne,  by  Senebier ;  and  the  other  at  Paris  by  Tofcan  and  Duval,  with  Notes  by  Faujas* 
Neither  of  thefe  can  yet  be  complete,  as  Spalanzani's  Travels  are  to.form  fix  volumes  in  8vo. 

The  Encyclopedic  Methodique  par  ordre  de  Maticres,  which  was  interrupted  in  its  pro- 
grefs  by  the  French  Revolution,  is  again  continued.  The  fixtieth  and  fixty-firft  livraifons 
are  publiihed  for  AgaiTe,  Rue  des  Poitevins,  No.  18.  The  fixtieth  livraifon  contains  three 
ha:lf-volumes : 

1.  The  feventeenth  Part  of  the  Plates  of  Natural  Hiftory,  forming  the  fevcnth  Century 

of  Botany ;  by  Citizen  Lamarck,  of  the  National  Inftitute,  ProfefTor  and  Adminiftrator  of 
the  Mufeum  of  Natural  Hiftory. 

2.  The  fecond  Part  of  the  third  afid  laft  Volume  of  Ancient  Geography;  by  Citizen 
Mentelle,  of  the  National  Inftitute. 

3.  The  Dictionary  of  Fifhery ;  by  Citizen  Lacombe,  Author  of  feveral  Diftionaries  of 
the  Encyclopedic,  particularly  that  of  Arts  and  Trades.  The  price  of  this  is  thirty- 
one  livres  in  ftieets,  or  thirty-three  ftitched.  A  table  is  given  of  the  parts  already  pub- 
liihed, by  which  it  is  feen  that  the  work  is  already  far  advanced,  and  that  there  is  no 
probability  of  its  not  being  completed. 

The  price  of  the  fixty-firfl  livraifon  is   the  fame  as  the  foregoing.    It  contains  the 
eighteenth  part  of  the  plates  of  Natural  Hiftory,  confifting  of  one  hundred  plates  of  Infe£ts. 
Vol.  IV.  Part  I,  Diftionary  of  Botany,  by  Lamarck. 
Vol.  VII.  Part  2,  of  the  Hiftory  of  Infeds. 

[Accounts  o/Englj/b  PuhKcationi  in  the  next  Number  J]  ^ 
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ARTICLE    I. 

ExtraSl  of  a  Hfemoir  concerning  tiree  different  Species  of  Carbonated  Hydrogenous  Gas^  obtained 
from  Ether  and  Alcohol  by  different  ProceffeSj  forwarded  to  the  National  Injiitute  of  France  by 
the  Society  of  Dutch  Chemifls  :  being  Part  of  a  Report  read  to  the  Firjl  Clafs  of  the  Injiitute^  If 
Citizen  FoURCROr,  at  the  Sitting  of  the  26th  Primairiy  tCth  December  1796. 

[Concluded  from  the  laft  Number.] 


T. 


HE  fourth  paragraph  treats  of  the  choice  and  purification  of  the  gas.  At  the  commence- 
ment and  towards  the  end  of  the  operation,  it  is  mixed  with  fulphureous  acid  gas  ;  towards 
the  middle  it  is  purer,  and  contains  only  one  fixth  of  fulphureous  acid ;  when  wafhed  with 
water  and  ammoniacj  it  is  rendered  very^ure.     It  does  not  contain  carbonic  acid  gas.  ' 

The  fifth  paragraph  exhibits  the  phyfical  properties  of  this  gas.  Its  weight  compared 
with  that  of  common  air,  is  as  909  to  1000 ;  its  odour  is  fetid >  when  well  purged  from 
ether  and  fulphureous  acid.  -  It  bums  with  a  (Irong  compa6l  flame  fimilar  to  that  of  a  re« 

finous  oil. 

The  fixth  paragraph  enumerates  feveral  properties  in  fome  meafure  negative  and 
charafteriftic  of  this  gas.  When  left  for  feveral  months  over  water,  it  fuffers  no  al- 
teration. The  fulphuric,  fulphureous,  nitric  and  muriatic  acids  do  not  zQ,  upon  it ; 
neither  does  the  nitrous  gas,  nor  alkalis.  Ammoniac  in  the  elaftic  ftate  adds  merely 
to  its  volume,  without  occafioning  any  change.    Phofphorus  heated  even  to  fufion  did  not 

afTca  it. 

In  the  feventh  paragraph  the  authors  defcribe  the  adion  of  ojtigenated  muriatic  acid  gas 
upon  their  newly  difcovered  gas.  As  this  is  the  only  fubftance  which  afts  in  any  remarkable 
manner  upon  it,  their  defcription  is  very  accurate  and  full.  They  announce  with  reafon  this 
cffea  as  no  Icfs  curious  than  new  and  hitherto  unknown.  They  at  firft  applied  the  oxige- 
i;iated  muriatic  acid,  with  the  intention  of  proving  the  prefeilce  of  carbonc  in  tliis  gas ;  becaufe 
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the  proccfs  had  before  fucceeded  in  Hmilar  cafes.  Having  mixed  in  a  tube  over  water  equal 
paits  of  their  inflammable  gas  and  oxigenated  muriatic  gas,  an  abforption  took  place  which  was 
more  rapid  than  what  obtains  between  the  latter  gas  and  water  ;  a  thick  oil  of  a  pearl-grey 
colour  more  ponderous  than  water  was  depofited.  The  tube  was  filled  with  a  white  vapour; 
much  caloric  was  difengaged,  and  there  remained  one  eighth  part  of  the  gas  made  ufe  of, 
which  was  (lill  inflammable.  A  fecond  mixture  of  four  parts  of  oxigenated  muriatic  acid 
gaS|  and  one  part  of  the  inflammable  gas  produced  by  alcohol  and  the  fulphuric  acid,  and 
.  kept  over  water  for  eight  days,  prefented  the  fame  phenomena  as  the  foregoing.  After 
the  reparation  of  the  oxigenated  muriatic  acid  gas,  there  remained  only  ,^^th  part,  which 
was  azotic  gas  aflbrded  by  the  oxide  of  manganefe. 

The  eighth  paragraph  is  employed  in  defcribing  the  properties  of  tl'.e  oil  obtained  in  the 
foregoing  experiment.  When  coUe&ed  in  an  apparatus  which  the  authors  do  not  dcfcribe, 
it  prefented  the  following  characters  :  Its  fcmi-tranfparence  refemblcd  the  colour  of  pearls ; 
it  funk  in  water,  and  became  yellow  by  expofure  to  air  ;  its  fmell  was  agreeable  and  penc* 
trating,  its  tafte  rather  fweet  \  both  thefc  properties  were  very  diflferent  from  that  of  ether. 
It  was  diflbluble  in  water,  which  acquired  its  odour ;  liquid  vegetable  alkali  rendered  it 
fweeter,  by  depriving  it  of  the  fmell  of  oxigenated  muriatic  acid. 

In  their  enquiries,  in  the  ninth  paragraph,  concerning  the  compofition  of  this  gas  from 
the  known  properties  of  fulphuric  acid  and  alcohol,  of  which  it  is  formed,  the  Dutch 
chemifts  aflume  in  the  Brft  place  as  a  principle  that  it  can  contain  no  other  ingredient  ttein 
hydrogene,  carbone,  and  oxigene.  This  lad  fubftance  does  not  appear  to  them  to  be  prefent, 
becaufe  it  ought  either  to  form  water  or  carbonic  acid,  neither  of  which  compounds  appears*. 
The  gas  is  not  ether  diflblved  in  fulphureous  acid  gas*,  becaufe  after  the  combuRion  with 
vital  air  by  means  of  ele£lricity,  as  well  as  after  its  converfion  into  oil  by  the  oxigenated 
muriatic  acid,  the  muriate  of  barytes  does  not  indicate  fulphuric  acid,  which  ought  in  that 
cafe  to  be  formed.  Neither  does  fulphtir  enter  into  its  compofition  }  for  it  does  not  ex- 
hibit the  fmell  of  fulphurated  hydrogenous  gas,  nor  does  it  throw  down  fulphur  in  propor- 
tion as  the  gas  is  burned.  By  this  method  of  excluGon,  the  learned  chemifts  of  Amfter- 
dam  conclude  tliat  their  inflammable  gas  can  be  compounded  of  nothing  but  hydrogene  and 
carbone. 

The  tenth  paragraph  is  employed  in  proving  the  exiftence  of  hydrogene  in  this  gajS. 
Though  the  formation  of  water  and  Qf  oil  by  the  oxigenated  muriatic  acid  fufficiently  declares 
this ;  yet,  as  the  prefence  of  the  water  over  which  the  experiment  was  made  might  leave 
fome  doubt,  the  Dutch  chemifts  had  recourfe  to  other  proofs.  By  pafling  their  gas  through 
a  tube  filled  with  fulphur  in  fuGon,  they  obtained  fulphurated  hydrogenous  gas^  and  the 
fulphur  was'  blackened. 

In  the  eleventh  paragraph  they  prove  the  prefence  of  carbone  in  their  gas,  not  only  by 
the  black  colour  of  the  fulphur  indicated  in  the  foregoing  experiments,  but  by  the  forma- 
tion of  carbonic  acid,  which  takes  place  whether  the  gas  be  burned  with  vital  air,  by  means 
of  the  ele&ric  fpark,  or  by  pafling  it  through  an  ignited  tube  filled  with  the  oxide  of  man- 
ganefe. 

♦  To  thcfc  two  conditions  may  be  added  another,  which  the  learned  authors  havt  not  direftly  confidered, 
juamely,  that  it  may  form  a  triple  compound.    This,  in  faft,  may  happen  in  the  oil  j  for  which  vide  infri.     N. 
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A  later  experiment,  which  likewlfe  proves  it,  confide  in  mixing  the  gas  with  oxlgenat^d 
muriatic  acid  gas,  and  burning  it  before  their  reaAion  has  prefented  the  oil  before  mentionv^d. 
In  this  experiment  the  glafs  veflel  is  covered  with  coal  refembling  lamp-black. 

The  twelfth  paragraph  announces  the  name  the  authors  have  chofen  for  their  gas,  in 
confequence  of  its  nature  and  properties  :  it  is  carbonated  oily  hydrogenous  gas. 

In  the  thirteenth,  they  fpeak  of  the  elaftic  fluid  difengaged  from  ether  treated  with  the 
fulphuric  acid.  Only  three-fourths  of  this  gas  is  converted  into  oil  by  the  oxigenated  mu« 
riatic  acid  ;  the  rcfidue  burns  blue,  and  is  no  longer  reducible  into  oil  by  this  acid.  Alco- 
hol and  ether  pafhng  through  a  tube  of  pipe-clay,  when  ignited,  afford  a  gas  of  this  nature. 

The  fourteenth  paragraph  announces  the  formation  of  an  inflammable  gas  diflFcrent  from 
the  lad  mentioned,  or  from  the  olefiant  gas,  by  pafling  ether  and  alcohol  through  an  ignited 
glafs  tube.  This  gas  does  not  afford  oil  by  the  oxigenated  muriatic  acid  gas.  In  order  to 
determine  whether  the  porofity  of  the  tube  of  clay  was  the  caufe  of  the  formation  of  the 
oily  gas,  by  fuflering  fome  principles  to  pafs  through,  or  by  admitting  others,  thefe  philofo- 
phers  included  a  tube  of  clay  in  another  of  glafs,  and  then  pafTed  alcohol  and  ether,  after 
having  previoufly  ignited  the  tubes.  There  was  a  produftion  of  olefiant  gas  in  this 
cafe>  as  well  as  when  the  glafs  tube  contained  fragments  of  pipe-clay.  Hence  they  con- 
clude that  the  clay  contributes  to  the  formation  of  this  gas. 

Similar  experiments  form  the  objedl  of  the  three  following  paragraphs,  which  Mr. 
Fourcroy  abridges,  by  merely  prefixing  the  number  without  any  prefatory  conne£lion. 

15.  A  tube  of  glafs  charged  with  alumine  and  ignited,  through  which  they  paficd  alcohol, 
aflTorded  an  oily  gas,  the  refidue  of  which,  after  the  formation  of  tlie  oil,  burned  with  a  blue 
flame :  the  fame  thing  happened  when  filex  was  ufed  inftead  of  alumine.  When  the  tube 
of  glafs  was  filled  with  lime,  or  magnefia,  or  vegetable  alkali,  or  charcoal,  or  fulphate  of 
pot-afli,  and  the  alcohol  was  refpe£lively  pafTed  through  thefe  in  the  ignited  date,  the  pro- 
du£l  was  a  gas  not  capable  of  forming  oil ;  the  earths  were  blackened  in  thefe  experiments. 
Sulphur,  in  a  trial  of  the  fame  nature,  afforded  fulphurated  hydrogenous  gas  not  oily. 

16.  Alcohol  and  ether  mud  neceffarily  pafs,  according  to  thefe  authors;  over  alumine  or 
filex,  ignited  in  a  tube  of  glafs,  to  afford  the  olefiant  gas.  The  gas  obtained  from  thefe 
two  fluids  by  pafling  them  through  a  tube  of  glafs  does  not  become  olefiant  when  paflTed  x 
fccond  time  over  alumine  or  filex,  or  through  the  tube  of  clay.  This  property,  therefore, 
when  once  lod,  cannot  be  redored. 

17.  Carbonated  oily  hydrogenous  gas  pafl^ed -through  an  ignited  glafs  tube  does  not 
diminilh  its  volume,  and  lofes  the  property  of  forming  oil  with  the  oxigenated  muriatic 
acid.  The  tube  and  the  glafs  which  have  been  ufed  in  this  experiment,  are  blackened  and 
covered  with  drops  of  empyreumatic  oil }  they  have  the  fmell  of  this  lad  product ;  a  b!ack 
foot  covers  the  water  of  the  apparatus.  Six  hundred  ele£lric  (liocks  paffing  through  carbo- 
nated oily  hydrogenous  gas  increafed  the  bulk  by  two- fifths,  and  deprived  it  of  its  property 
of  forming  oil,  without  having  precipitated  carbonc. 

After  having  thus  examined,  in  the  fird  feventecn  paragraphs,  the  properties  of  the 
carbonated  oily  hydrogenous  gas,  the  chemids  of  the  fociety  of  Amderdam  are  employed 
in  the  five  following  upon  two  other  kinds  of  eladic  fluids  obtained  from  ether  and 
alcohol  by  diflferent  proceflSss. 

In  the  eighteeoth  paragraph  th^  defcribe  the  procefs  by  whiqh  they  have  produced 
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thefe  laft  gafes.  It  is  performed  bjr  diftUKtig  ethir  and  alcohol  through  a  tube  of  ignited 
glafs,  the  extremity  of  which  is  received  under  an  inverted  glafs  filled  with  water.  The 
gas  formed  in  this  manner  precipitates  neither  oil  nor  charcoal  by  the  conta£):  of  the  oxi- 
genated  muriatic  acid.  During  its  formationi  part  of  the  ether  or  alcohol  pafles  unchanged*. 
The^  chara£ieriftic  properties  of  the  gas  obtained  from  ether  by  diis  procefs  are  {hewn 
an  the  nineteenth  paragraph.  Its  weight,  compared  with  that  of  air,  is  as  0.709  to  i.ooo. 
The  fmell  of  ether,  which  is  perceptible  in  the  firft  portions,  is  foon  fucceeded  by  a  fetid 
fmelU  It  bums  with  a  compadl  oily  flame,  like  the  former  gas ;  water  neitlier  diflblves  nor 
alters  it  ^  it  does  not  render  lime-water  turbid  ^  and  it  is  unalterable  by  acids  br  alkalis* 
The  oxigenated  muriatic  acid  reduces  its  volume  ^th.  It  burns  with  a  blue  flame^  and 
affords  no  trace  of  oil. 

The  rcfearches  which  form  the  objcfl  of  the  twentieth  paragraph  (hew  the  prefence 
of,  I.  Hydrogenc,  by  the  ^rmation  of  fulphurated  hydrogenous  gas,  which  is  produced 
when  it  pafles  over  fufed  fulphur.  2.  Carbone,  by  the  black  precipitate  it  affords  by 
burning,  after  mixture  with  the  oxigenated  muriatic  acid  gas,  as  well  as  by  the  carbonic 
acid  which  refults  from  its  combination  with  vital  air.  The  authors  of  the  memoir,  to 
diftingttifli  this  gas  from  the  former,  call  it  carbonated  hydrogenous  gas  obtained  from  ether. 

The  gas  which  is  afforded  by  alcohol  diftilled  through  an  ignited  glafs  tube,  forms 
the  fubjed  of  the  twenty-firft  paragraph,  and  dlfiers  from  the  foregoing  in  two  pro- 
perties :— I.  By  its  fp^cific  gravity,  which  is  to  that  of  air  as  0.436  to  i.ooo.  2.  By  its 
ptiler  and  lefs  oily  flame,  which  refembles  that  of  alcohol.  This  is  named  by  the  Dutch 
chemifts,  carbonated  hydrogenous  gas  obtained  from  alcohol. 

As  the  analyfls  of  thefe  three  fpecies  of  gas  prefented  to  their  notice  the  fame  principles  in  * 
tlielr  compofition,  and  as  they  did  not  appear  to  them  to  difier  but  in  the  mercpropor* 
tion  of  thefe  principles,  they  have  ifi  their  twenty-fecond  paragraph  united  the  refults  pf ' 
their  experiments  in  this  behalf.  Though  they  were  not  entirely  fatisfa^ory,  they  were  never- 
ihelefs  fufiiciently  clear  to  enable  them  to  deduce  an  ufeful  conclufion.  in  order  to  arrive 
a?  a  knowledge  of  this  proportion  of  the  principles  in  the  three  kinds  of  gas  they  had  to 
compare,  they  mixed  each  of  them  in  tubes  of  glafs  clofed  at  one  end,  or  long  glafs  veflels, 
over  mercury,  with  a  larger  quantity  of  oxigenous  gas  than  was  fuflicieut  for  their  com- 
plete combuftion.  The(c  mixtures  were  fet  on  fire  by  the  eleflric  fpark  ;  the  dimirtution 
was  carefully  determined.  The  proportion  of  carbonic  acid  formed  was  eflimated  from  the 
quantity  of  precipitate  thrown  down  from  lime-water  introduced  over  mercury.  The 
refult  of  their  trials  on  this  point  was,  that  thefe  gafes  contained  from  80  to  74  parts  of 
carbone,  with  from  20  to  26  of  hydrogene.  In  general  the  three  gafes  exhibited  little 
difference  between  each.  The  carbonated  oily  hydrogenous  gas  prefented  the  largefl 
proportion  of  carbone  ;  the  carbonated  Ijfydrogenous  gas  from  ether,  a^mediurn  proportion 
of  this  principle  r  and  the  carbonated  hydrogenous  gas  from  alcohol,  the  leail  of  the  three. 

The  twenty-third  paragraph  of  the  memoir,  abridged  by  Mr.  F.  contains  a  retrofpeft  of 
the  principal  faAs  exhibited  in  the  whole  treatife.  This  retrofpe£l  is  fo  well  drawn  up, 
and  prefents  a  view  of  the  whole  with  fo  much  accuracy  and  condenfation,  that  he  has 
preferred  the  method  of  quotation  without  abridgment. 

**  Here  then,"  fay  the  Dutch  chemifts,  "  are  three  kinds  of  inflammable  gas  obtained 
fs«m  alcohol  and  ether  treated  in  diflerent  manners. 
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^  Thefe  gafes  have  this  in  cammon,  that  they  are  cooipofed  of  hydrogene  and  carbone* 
They  are  fpecies  of  carbonated  hydrogenous  gas. 

^  It  appears  probable,  moreover,  that  the  proportions  of  thefe  conftituent  parts  do  not 
differ,  or  at  leaft  that  they  differ  very  little  if  equal  weights  of  each  were  examined, 

*'  They  differ  from  each  other  in  feveral  other  refpedls ;  as  ^heir  fpecific  gravity,  their 
manner  of  burning,  and  the  feveral  methods  by  which  they  are  produced. 

'<  The  molt  remarkable  difference  is  certainly  the  formation  of  an  oil  by  the  mixture 
of  ozigenated  muriatic  acid  gas  with  the  carbonated  oily  gas. 

^  7'his  gas  is  produced  in  its  greateft  purity  in  the  diftillation  of  ether,  or  of  a  mixture- 
of  alcohol  and  concentrated  fulphuric  acid. 

'*  Ether  mixed  with  tlie  fame  fulphuric  acid  alfo  affords  it,  but  lefs  pure. 

^*  It  is  alfo  obtained  by  caufmg  the  vapours  of  alcohol  and  ether  to  pafs  through  a  tube 
of  clay  ignited  by  fire ;  but  this  likewife  is  not  perfe£lly  pure. 

*<Thiscfie£l:  is  equally  obferved  by  taking  the  component  parts  of  the  tube,,  namely,, 
alumine  and  (ilex;  which  taken  feparately  communicate  to  the  gas  this  property  of  forming. 
oil,  if  the  vapour  of  the  alcohol  or  the  ether  pafi»  over  thefe  fubftances. 

**  Thefe  vapours  pafling  through  a  Cmple  tube  of  glafs  ignited,  affi)rd  the  two  other 
fpecies  of  gas,  accordingly  as  either  ether  or  alcohol  is  taken :  and  thefe  two  laft  gafes  do 
not  prefent  the  leaft  appearance  of  oil,  formed  by  milling  them* ^ith  the  oxigenated  mu^- 
viatic  acid  gas^ 

*<  The  gas  which  has  the  property  of  forming  oil  lofet  it  by  being  made  to  pafs  through 
an  ignited  glafs  tube.     It  depoftts  charcoal. 

<'  EleAric  (hocks  have  the  fame  effect,  but  without  the  precipitation  of  carbone.  It  is 
noteover  obferved,  that  the  volume  of  the  gas  is  augmented  when  it  paffes  from  the. 
ioily  ftate  to  that -which  is  incapable  of  forming  oil. 

^  Thefe  fpecies  of  gas,  laftly,  as  well  the  oily  as  diofe  obtained  from  ether  or  alcohol,  arc 
truly  permanent  gafeous  fluids,  and  mud  not  be  regarded  either  as  the  vapours  of  ether 
preferving  the  aeriform  ftate  for  a  time,  or  as  hydrogene  gas  holding  particles  of  etlier  or 
alcohol  in  fufpenfion.  We  have  kept  thefe  gafes  for  whole  months  over  water;  we  have  re^^ 
peatedly  pafled  them  through  that  fluid ;  and  we  have  expofcd  them  to  re-agents*  I'hey 
have  always  preferved  their  properties  without  alteration  and  without  lof&" 

In  the  twenty-fourth  and  laft  paragraph,  the  Citizens  Bondt,  Deiiuan,  Paats  van  Trooft- 
wyk,  and  Lauwerenberg,  conclude  their  interefting  refearches  by  various  queftions  which 
their  experiments  have  not  refolved.  They  demand,  i.  How  the  oil  is  formed  by  the  car- 
-bonated  oily  hydrogenous  gas,  in  its  mixture  with  the  oxigenated  muriatic  acid  gas :  whether 
it  be  by  the  addition  of  a  portion  of  oxigeae  from  the  latter,  or  a  fubtra£tion  of  part  of 
the  hydrogene  from  the  former,  a.  What  is  the  nature  of  this  oil,  of  which  hitherto  they 
have  not  yet  procured'a  fufficient  quantity  for  a  proper  examination;  but  which  neverthelcfs 
appears  to  them  to  be  a  kind  of  ether.  3.  Wlxy  is  tlie  oily  gas  formed  when  ether  and 
alcohol  pafs  over  alumine,  (ilex  and  clay^  but  not  over  glafs.  4.  Whetherthe  difference  do  not 
arife  firom  the  circumftance  (fay  they)  that  the  one  contains  a  greater  quantity  of  caloric 
than  the  other;  and  i^hether  it  be  not  thus  that  the  firft  gas  lofes  its  property  of  affording 
oil  in  proportion  as  itsWlk  is  augmented  byeleAricity,  without  occafioning  a  precipitation . 
of  carbone.— That  they  cannot  pofi^vely  reply  to  thefe  queftions  is  afcribed  by  them  to  the 
-ftate  of  vegetable  chemiftry,  which,  is  lefs  advanced  than  that  of  the  air  and  of  minerals. 

The  expetiments  made  upon  the  olefiant  gas  by  the  citizens  Hecht  and  Vauquelin,  in 
%  confcquence 
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cenfeqaence  of  tlie  invitation  of  the  -Philomathi<:  Society  of  Paris,  throw  fome  light  on  the 
quedions  of  the  Dutch  chemids.  The  olcfiant  gas,  pafled  through  an  ignited  porcelain 
tube,  aftbrded  hydrogene  gas  mixed  with  carbonic  acid ;  a  large  quantity  of  carbooe  was 
depofited  in  the  glafs  tube  in  which  the  tube  of  porcelain  terminated.  The  difference  re- 
marked in  this  experiment  and  that  of  the  Dutch  chemifts  is  owing  probably  to  the  high 
degree  of  heat  given  to  the  tube  of  porcelain  ^.  The  carbonated  hydrogenous  gas,  deprived 
of  carbonic  acid,  and  afterwards  mixed  with  the  oxigenated  muriatic  acid  gas,  did  not 
form  oil  as  before.  The  oleiiant  gas  had  dcpofited  its  carbone  upon  the  alumine  in  pai&ng 
through  tubes  which  contained  tliat  earth.  The  ethereal  gas  burns  with  the  oxigenated 
muriatic  acid  gas,  and  affords  with  it  the  fame  oil  as  the  olefiant  gas  j  which  appears  to 
mark  a  great  analogy  between  them.  They  may  probably  diflcr  only  in  the  unequal 
quantity  of  combined  calorlo 

In  general  it  follows,  from  all  thefe  comparative  experiments,  that  the  rooft  denfe  defiant 
gas,  containing  lefs  of  caloric  than  the  carbonated  hydrogenous  gafes  afforded  by  alcohol 
and  ether  paflTed  through  tubes  of  glafs,  poflefTes  the  difpofition  to  form  oil  only  by  virtue 
of  the  proximity  of  its  condituent  molecules;  and  that  it  lofes  this  property  only  when  they  be- 
come feparated  more  apart  by  the  intromifTion  of  a  greater  quantity  of  caloric  between  them. 

It  follows  alfo,  that  the  olefiant  gas  is  converted  into  fimple  carbonated  hydrogenous 
gas,  whenever  a  procefs  is  executed  which  increafes  the  didance  between  its  component  parts. 
In  this  way,  the  attraf^ion  between  the  particles  of  the  hydrogene  and  carbone  is  dimi- 
liifhed,  upon^parating  them  by  virtue  of  a  greater  proportion  of  caloric  introduced  between 
them.  This  happens  whenever  the  olefiant  gas  is  made  to  pafs  through  ignited  tubes,  of 
what  nature  foever ;  or  by  drongly  eleftrifying  it.  The  fame  experiments  prove  alfo, 
that  the  difference  obferved,  and  fo  accurately  noted,  by  the  Dutch  chemids,  between  the 
three  kinds  of  carbonated  hydrogenous  gas,  which  they  didinguifh  by  the  riames  of  oily^ 
obtained  from  ether^  and  obtained  from  alcohol^  though  each  may  be  obtained  indifcriminately 
either  from  alcohol  or  ether,  arifes  only  from  the  methods  of  treating  thefe  inflammable 
luids,  and  is  condantly  reducible  to  this  ;  that  in  forming  the  olefiant  gas  a  lefs  quantity 
of  caloric  enters  the  mafs,  and  a  compound  is  determined,  in  which  the  hydrogene  and 
carbone  are  more  concentrated,  and  more  difpofcd  to  form  oil  by  the  addition  of  oxigene> 
more  condenfed  itfelf  than  the  date  of  vital  air  as  it  exids  in  the  oxigenated  muriatic 
acid  gas ;  whereas,  by  more  drongly  heating  the  alcohol  or  the  ether,  by  accumulating 
more  caloric  in  their  vapour,  thefe  fluids  become  more  completely  decompofed;  their 
elements  more  widely  feparated*,  and  their  fimultaneous  attraftion,  which  might  be 
adapted  to  form  oil  with  oxigcne,  is  fo  far  diminifhed,  that  they  are  no  longer  capable  of 
that  tranfition.  Hence  we  may  conceive,  how  from  the  fpecific  gravity  of  0.909,  which 
didinguiflies  the  olefiant  gas,  it  becomes^  at  the  fame  time  that  it  lofes  this  property, 
fo  light  as  0.436. 

We  f  are  not  of  opinion  with  the  Dutch  chetnids,  from  the  alumen,  filex,  and  tube  of 
clay  having  ferved  to  form  the  olefiant  gas,  while  glafs,  lime>  and  magnefia  afforded  only 
the  carbonated  hydrogenous  gas,  not   olefiant,  that  the  former  of  thefe  bodies  poAefs  a 

•  Or  perhaps  to  the  difference  between  the  tubes  made  ufe  of.  In  the  porcelain  tube  (like  that  of  glafs)  the 
femi-vitrificuiion  might  covfer  the  filex  and  alumine,  or  change  its  qualities  in  other  rcfpefts.     N. 

t  Either  M.  Fourcroy  or  MM.  Hecht  and  Vauquelin.  But  this  department  of  refearch  certainly  dcfnands 
experiment.  Is  it  probable  that  any  confiderable  ditference  of  tAnperature  took  place  when  clay  and  lime  were 
yefpeflively  ignited  in  the  glafs  tube  ?  It  would  be  eafy  to  prove  this  by  gWi^g  the  higher  temj>crature  decifivtly 
so  the  clay.    N. 

peculiar 
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peculiar  tendency  to  produce  the  olefiant  gas,  which  property  is  wanting  in  the  lime 
and  magnefia.  Thefe  difFerent  effe£ts  certainly  arife  from  a  lefs  degree  of  heat  having 
been  applied  in  all  the  cafes  where  the  olefiant  gas  was  produced^  and.  a  greater  in  all 
thofe  which  prefented  the  fimple  carbonated  hydrogenous  gase 

But  the  circumdance  which  is  truly  important  for  the  general  theory  of  fcience  in  thefe 
experiments,  is  the  new  light  they  throw  upon  the  formation  of  oil  $  and  the  force  they  give 
to  the  notions  already  received  and  the  confiderations  long  ago  prefented  in  the  pneu- 
matic do&rine,  refpe£ling  the  nature  and  cojfnpoGtion  of  vegetable  oily  bodies.  We  here 
fee  that,  an  oil  is  a  compound  of  liydrogene,  carbone,  and  a  fmall  portion  of  oxigene.  We 
find  that,  in  the  mixture  of  the  olefiant  gas,  or  denfc  carbonated  hydrogene,  with  the 
oxigenated  muriatic  acid,  an  oil  is  imn^ediately  formed  in  the  fame  manner  as  when 
wood,  or  any  other  vegetable  matter,  not  in  itfelf  oily,  is  heated  in  a  retort.  It  appears, 
that  the  olefiant  gas,  or  a  gas  very  fimilar  to  it,  is  difengaged  from  wood,  or  any  folid  ve- 
getable not  of  an  oily  nature,  which  is  flowly  burned.  This  gas,  when  burned  in  the 
open  air,  depodts  its  foot  or  carbone,  which  blackens  the  wood,  and  clogs  the  channels 
through  which  the  elaftic  fluid  muft  pafs.  If  wood,  mucilage,  &c.  be  more  fuddenly  and 
Arongly  heated  in  clofe  veflels,  they  afford  lefs  oil,  more  coal,  and  more  carbonic  acid  \  and 
in  the  open  air  there  is  more  flame,  and  lefs  coal  or  foot  depoGted.  It  is  probable  that,  in 
the  firft  cafe,  the  olefiant  gas  is  difengaged,  and  in  the  fecond,  the  fimple  carbonated  hydro-, 
genous  gas*.  We  are  therefore  in  progrefs  towards  the  artificial  compofition  of  oil. 
Nothing  more  feems  to  be  required  for  its  artificial  produ£lion,  than  to  obtain,  without 
vegetable  matter,  a  denfe  carbonated  hydrogenous  gas  weighing  0.909,  and  to  mix  it  with 
the  oxigenated  muriatic  acid  gas:  and  we  may  hope  to  fucceed  in  the  produflion  of  this 
olefiant  gas  with  mineral  matters  containing  much  carbone,  fuch  as  certain  kinds  of  (leel, 
which  when  diflblved  in  an  acid,  by  the  decompofition  of  water  they  promote,  afford  a 
difengagement  of  carbonated  hydrogenous  gas.  This  lad:  obje£l  deferves  all  the  attention 
of  chemift8,'becaufe  it  opens  a  new  path  to  the  knowledge  of  vegetables^  and  particularly 
of  the  formation  of  oil. 

The  ingenious  experiments  of  the  Dutch  chemifts  are  among,  the  few  which  afford 
new  profpeAs  to  philofophers.  Together  with  the  difcoveries  for  which  we  are  already 
indebted  to  them,  on  the  decompofition  and  recompofition  of  water  by  elefkricity,  on  the 
alkaline  and  metallic  fulphures,  &c.>  they  will  pofi'efs  a  di(lingui(hed  rank  in  the  pneumatic 
chemiftry,  to  the  progrefs  of  which  they  have  dedicated  the  reputation  of  their  labours  and 
their  difcoveries. 

*  This  ezcellent  oourfe  of  ezperimentt,  and  die  general  indu£kioDS  foAinded  upon  theirii  bring  to  my  recol* 
le^^ion  feme  obfervations  I  had  occafion  to  make  many  years  agOf  when  alcohol  was  burned  in  the  lamp  of 
Argand.  In  this  experiment,  the  (Irata  of  ignited  matter  forming  the  interior  and  exterior  flames  (wliich  have 
not  yet  been  accounted  for)  are  ftrikingly  diftind^.  I  have  fuppofed  them  to  be  referable  to  a  general  law  of  the 
combuftion  of  volatile  matters  at  certain  limits  of  temperature ;  as  is  moft  eminently  feen  in  phofphorus  and 
fblphur,  both  of  which  have  the  two  kbds  of  flame  in  fucceffion,  and  both  begin  their  flow  combuftion  at  very 
moderate  temperatures.  But  the  fadt  immediately  referable  to  the  prefent  theory  is  this  :  When  the  lower 
aperture  or  air  paflage  of  the  lamp  is  left  open,  the  flame  of  the  alcohol  is  as  ufual  faint  and  biueiOiy  refembling 
that  of  carbonated  hydrogene  \  but  if  the  paflage  be  gradually  obftru6led  by  flowly  applying  the  palm  of  the 
band,  or  any  more  (uitable  obftacle,  the  flame  becomes  more  and  more  luminous,  like  that  of  oil,  iintil»  in  the 
progrefs  of  obftrudtion,  the  aperture  is  fo  much  doled  that  the  combuftion  begins  to  decay  for  wane  of  air.  By 
a  proper  adjuftment  of  the  aperture,  the  alcohol  may  be  made  to  burn  with  a  conftantly  luminous  white  internal 
flame*  In  thit.caft  it  may  he  fti^Q(sd  that  she  tcmpeiaturc  is  presiielj  fuch  as  to  extricate  the  olefiant  gas.  N. 

IL  On 
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0«  the  Methods  qfotviatmg  the  EffeEis  of  Heat  and  Cold  in  Time^Pieces. 

N  every  mechanical  inftrumcnt  for  meafuring  the  flow  of  time,  fomc  natural  power  is 
applied  to  produce  motion ;  and  the  portions  of  this  motion  being  ufually  regiftered  by  an 
index,  are  taken  to  denote  certain  correfpondent  portions  of  time.  The  fimpleft  inftra- 
ments  of  this  nature  are  the  hour-glafs, which  is  ftill  in  ufej  and  certain  clocks,  regulated  by 
the  flow  of  fand  or  water,  upon  the  fame  principle  as  the  hqur-glafs ;  of  which  a  con* 
Cderable  number  are  defcribed  in  Ozanam's  Mathematical  Recreations.  Of  thefe  it  is 
unneceflTary  to  fay  more  in  this  place,  than  that  the  paffage  of  fand  through  an  aperture  is 
far  from  beirig  uniform,  from  a  variety  of  obvious  caufes ;  and  that  the  flow  of  water  not 
only  varies  from  circumftances  capable  of  hydroftatical  eftimation,  but  alfo  from  its  fluidity, 
M'hich  thefe  very  inftruments  have  (hewn  to  be  greater  or  lefs  in  proportion  to  its  heat. 
The  clock  and  watch,  which  confift  of  an  aflemblage  of  wheels  afted  upon  by  a  wpxght  or 
fpring,  and  regulated  by  a  pendulum  or  balance,  are  fo  much  fuperior  in  their  performance 
to  every  ancient  inftrument  applied  to  this  purpofe,  that  the  attention  of  men  of  fcience  h^s 
]ong  been  confined  •xcluGvely  to  thefe  inftruments. 

When  a  larger  wheel  drives  a  fmaller,  the  number  of  revolutions  performed  by  the  latter 
will  be  more  numerous  in  a  given  time  than  thofe  of  the  driving  wheel  in  the  inverted 
proportion  of  their  diameters,  or  the  numbers  of  their  teeth.  Hence  it  may  eafily  be  de- 
duced, from  the  infinity  of  aflTumable  ratios,  that  combinations  or  trains  of  wheels-,  niay 
1)e  made  fo  that  the  flow  defcent  of  a  weight,  or  other  equivalent  agent,  may.  <;2(ufe 
certain  wheels  in  the  fyftem  to  revolve  with  any  determinate  velocity,  provided  the  rate  or 
velocity  of  the  firft  mover  be  determined.  It  is  an  obje£i:  of  mechanical  flcill  to  adjuft  a 
train  of  wheels,  applied  to  the  folution  of  a  problem  of  this  nature,  in  the  beft  manner 
poiTible.  For  the  fri£irons  will  increafc  the  more  complex  the  train,  the  lower  the  num- 
bers of  the  teeth,  and  the  larger  the  pivots*  Thefe  are  not,  however,  the  gbjefls  of  the 
frefent  difllertation. 

When  a  train  of  wheels  is  afled  upon  by  a  weight,  this  laft,  injitead  of  defccnding 
with  the  accelerated  velocity  produced  by  the  force  of  gravitation^  is  continually  checked  by 
a  refiftance  from  the  train,  chiefly  arifing  from  the  fum  of  the  fri£lions  of  the  parts 
againft  each  other,  and  in  a  certain  degree  from  the  refiftance  of  the  air,  which  againft 
the  quicker  moving  parts  is  conflderable.  Thefe  retarding  caufes  fpeedily  increafe,  until 
they  counterbalance  the  whole  force  of  gravitation^  when  the  weight  of  courfe  being  de*- 
prived  of  the  caufe  of  acceleration,  defcends  uniformly.  Here,  then  we  obferve  an  unw 
form  motion,  produced  fimply  by  the  application  of  mecbanifm,  to  impede  the  free  defcent 
•of  a  weight :  but  a  mere  train  of  wheels,  when  a£);ed  upon  by  a  large  weight,  fufiers  it 
▼cry  foon  to  run  through  any  moderate  height  j  and  if  the  weight  be  diminiflicd,  the  re- 
fiftanccs  from  fridion  and  impcrfpclion  of  work  beings  far  from  uniform,  and  occurring 
at  certain  periods  of  the  rotations,  are  liable  to  ftop  the  machine  altogether.  For  this 
reafon  it  has  been  found  expedient  to  increafe  that  part  of  the  refiftance  which  arifes  from 
the  air,  by  the  addition  of  a  fly  at  the  end  of  the  train.  The  common  jack  for  roaftjng 
aieat^  which  is  to  be  feen  in  every  kitchen,  is  an  engine  of  this  kind^  in  which  the  weight 

defcends 


Qocks  reguliited  by  the  Fly :  the  Balattce :  the  Pe'idulum,  57 

(Icfceiuls  very  flowly  and  uniformly,  becaufe  refiiled  by  die  friftion  of  a  fcrcw  in  the  laft 
arbor  of  the,  train,  and  a  fly  wliich  terminates  the  whole.  The  late  Mr.  John  Whitchurft, 
F.  R.  S.  conflrufted  a  clock  on  this  principle  for  meafuring  fliort  portions  of  time,  to 
the  hundredth  part  of  a  fecond,  in  which  the  regulating  agent  was  a  broad-leafed  fly, 
which  afled  upon  the  air.  It  was  regulated  in  the  firft  place  by  adjufling  the  weight,  and 
in  the  next  place  by  ahering  the  obliquity  of  the  ftriking  furface  of  the  fly.  It  may  readily 
be  imagined,  as  was  in  facl  the  cafe,  that  its  rate  would  vary  according  to  the  denfity  of  the 
air.  Perhaps  it  might  have  been  of  ufc  in  fome  experiments  to  afcertaiii  that  varying  re- 
fiftance.  Huygens,  in  his  treatife  De  Horologio  Ofcillatorio,  defcribes  a  clock  regulated  by 
a  fly,  which  derived  its  refiftance  from  the  gravitating  power  of  a  ball  at  the  end  of  a  fui- 
penflon  by  firings.  When  the  maintaining  power  was  weak,  it  fwung  out  to  a  fmall  difbu^c^i 
from  a  vertical  axis,  to  the  upper  part  of  which  the  ftrings  were  faftened,  and  was  therefo  v: 
cafdy  carried  round ;  but  when  a  greater  force  was  appli.d,  the  ball  fwung  out  farther,  ir.d 
confequently  aflbrded  a  greater  refillance.  The  ftrings  were  made  to  apply  agaxnft  a  curve, 
by  virtue  of  which  the  divergencies  of  the  ball  produced  ifochronal  rotations. 

It  is  probable  that  the  firft  M'heel  clocks  were  regulated  by  a  fly  j  an  organ,  of  which 
the  inconvenicncies  are  too  great  to  require  enumeration  to  fuch  as  are  moderately  flcillcd 
in  purfuits  of  this  nature.  Striking  and  repeating  trains  are  ftill  regulated  in  this  way. 
M.  Le  Roy,  in  the  Encyclopedic  ♦,  article  Balaticter^  afllirms,  that  before  the  admirable 
invention  of  the  pendulum  by  Huygens,  clocks  were  regulated  by  an  horizontal  ba- 
lance, having  a  vertical  axis,  that  pafled  through  two  holes,  with  liberty  to  play  up  and 
down;  and  that  it  was  fufpended  by  means  of  a  ftring  pafled  through  a  hole  in  the  axis,  and 
faftened  at  both  ends,  fo  as  to  form  equal  angles  with  the  axis  itfelf.  Confequently,  when 
the  balance  revolved  in  one  direction,  the  ftring  was  wound  upon  the  verge,  and,  being  thus 
fhortened,  raifed  it  up  until  the  weight  of  the  balance  had  overcome  the  force  of  rotation: 
after  which  it  revolved  the  contrary  way,  and  defcended  to  perform  a  fimilar  afcent  by 
winding  the  ftring  the  oppofite  way.  He  does  not  tell  us  the  nature  of  the  connexion 
between  this  balance  and  the  wheels  which  were  regulated  by  it. 

The  application  of  the  pendulum  to  clock-work  conftituted  fo  important  an  improvement 
in  engines  for  meafuring  time,  that  it  will  probably  be  very  long  before  our  cotemporaries, 
or  even  their  defcendants,  will  be  able  to  bring  the  balance  in  competition  with  it.  In  this 
organ,  the  regulating  force  is  fo  fteady,  and  the  lofs  from  the  reflftance  of  the  air  fo  fmall, 
that  the  impcrfedlions  of  the  train  through  which  the  force  of  the  firft  mover  muft  be 
conveyed,  are  capable  of  producing  no  more  than  a  fmall  part  of  that  irregularity  which 
neceflarily  follows  when  the  aftual  regulator  derives  moft  of  its  efi'eft  from  the  train  itfelf. 

From  the  contemplation  of  this  moft  valuable  meafure  of  time,  and  the  fources  of  its 
regularity,  the  artifts  of  modern  times  have  endeavoured  to  place  it  in  a  fituation  which 
fhall  as  nearly  as  pofllble  refemble  that  of  a  pendulum  detached  from  a  train  of  wheels, 
and  vibrating  in  vacuo  without  fri£tion  or  reflftance.  This  fimilarity  is  aimed  at  by  a 
fkilful  difpofition  of  that  part  of  the  engine  which  connefls  the  pendulum  with  the  train^ 
and  is  called  the  efcapement,  for  which  there  are  many  contrivances  well  entitled  to  the 
attention  of  artifts  and  men  of  fciencc-^  Another  moft  cflential  particular  is,  that  the  organ 
for  meafuring  time,  whether  it  be  a  balance  or  a  pendulum,  fliould  invariably  prefervc  its 
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dimenfions  with  regard  to  rhe  centre  of  ofcillation.  But  heat  and  cold  alter  the  dimcnfions 
of  all  xht  fubilances  we  know,  though  not  equally  in  each.  The  remedy  is  derived  from 
this  inequality,  and  conftitutes  the  fubjcdl  of  the  prefent  memoir. 

Since  the  dimenfions  of  all  bodies  increafc  with  their  temperature,  it  naturally  follows 
that  the  pendulums  of  clocks  are  longer  in  hot  weather  than  in  cold ;  and  will  therefore 
m^ke  their  vibrations  in  longer  times.  As  far,  therefore,  as  this  caufe  of  irregularity  ex- 
tends, every  time-piece,  regulated  by  a  pendulum  or  balance,  will  go  flower  in  fummer  and 
faflcr  in  winter.  In  the  pendulum  for  feconds,  the  quantity  required  to  be  added  to,  or 
fubtrafted  from,  the  length,  to  caufe  a  gain  or  lofs  of  one  minute  per 'day,  is  0.0545  inch 
at  a  medium,  which  does  not  differ  from  either  extreme  more  than  the  half  of  unity  in  the  . 
Jaft  figure.  Hence  the  mean  variation  of  length  anfwering  to  one  fccond  is  0.000908  iticli. 
And  by  General  Roy's  experiments,  in  the  feventy-fifth  volume  of  the  Phiiofophical 
Tranfaftions,  the  expanfions  of  five  feet  of  the  undermentioned  fubftances,  by  a  variation 
of  temperature  of  180  degrees  of  Fahrenheit,  namely  from  32**  to  212®  are, 

Rod  of  Englifh  plate  brafs                —  —  —  0.1 13568 

^Rodofftcel                   —                —       '  _  —  0.068684 

Prifm  of  caft-iron              —                -^  _  -^  0.06^563 

Glafs  tube                 —                 —  ~  —  0^046569 

Solid  glafs  rod  made  long  before             —  i —  —  0.O48472 

Hence  it  is  feen  that,  in  a  clock  with  a  fimple  pendulum,  having  the  rod  of  fleel,  every 
difference  of  temperature  of  four  degrees  will  caufe  a  variation  of  one  fecond  per  day. 

That  the  variation  with  ar  brafs  rod  is  nearly  twice  as  much.  * 

And  with  a  glafs  rod,  not  much  more  than  half  the  quantity. 

The  difference  between  the  mean  heights  of  the  thermometer  within,  at  the  Royal  So- 
ciety's apartments,  in  fummer  and  winter,  is  about  25°.  Hence  the  difference  of  rate  be- 
tween the  going  of  a  clock  with  a  fimple  pendulum  in  fummer  and  in  winter,  will  be  about 
fix  feconds  per  day,  or  one  minute  in  ten  days. 

The  difference  of  length  in  ftraight  grained  deal  wood  is  ^found  to  be  very  fmall ; 
whence  it  is  a  general  opinion,  that  in  clocks'  of  the  common  conflrudions,  in  which  the 
pendulum  is  without  intermiffion  conne£led  with  the  train,  and  the  pa^ts  of  the  efcapement 
are  oiled,  the  errors  from  expanfion  in  fuch  a  pendulum  are  much  lefs  than  thofe  which 
arife  from  the  unequal  tranfmiffion  of  the  maintaining  power. 

But  the  bed  method,  in  pradlice  as  well  as  in  theory,  for  corrc£ting  the  effedls  of  heat 
and  cold  in  pendulums,  confifls  in  oppofing  the  expanfions  and  contractions  of  dxfii:rent 
kinds  of  metal  to  each  other.  The  celebrated  George  Graham  was,  as  far  as  I  am  in- 
formed, the  firit  who  applied  this  expedient  to  clocks.  His  account  is  in  fome  of  the 
earlier  volumes  of  the  Phiiofophical  Tranfa£kions,  which  I  have  not  at  hand,  and  there- 
fore make  reference  to  it  from  memory.  Having  afcertained  that  the  expanfion  of  mer- 
cury greatly  exceeds  that  of  iron,  he  formed  a  pendulum  confifting  of  an  iron  tube 
filled  with  mercury  to  a  certain  height.  In  this  compotind  pendulum  it  is  clear  that,  if 
the  whole  had  been  iron,  the  centre  of  ofcillation  wouM  have  defcended  by  heat ;  and  it 
is  equally  clear  that,  if  the  iron  tube  could  be  deprived  of  all  expanGbility  whatever,  the 
mercury  fupported  beneath  would  be  lengthened  upwards  by  increafe  of  temperature ;  and 
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in  this  aflumed  cafe,  the  centre  of  ofcillation  would  afcend  by  heat.  But,  as  the  expanfion 
of  mercury  is  about  fifteen  times  greater  than  that  of  iron,  if  the  tube  had  been  nearly  filled, 
the  afcent  of  the  mercurial  column  would  be  only  one-fifteenth  part  lefs  than  if  the  iron 
had  not  expanded  at  all.  When  the  mercurial  column  is  (hortened  by  pouring  out 
fome  of  the  fluid,  the  efFeft  of  its  expanfion  will  alfo  be  diminifhed.  There  is,  confc- 
quently,  a  (late  in  which  thefe  two  contrary  expanfions  (hall  countera£l  each  other,  and 
the  centre  of  ofcillation  continue  invariable.  When  a  clock  thus  fitted  up  gains  by 
heat,  the  quantity  of  mercury  muft  be  diminiftied ;  and  the  contrary  if  it  lofes.  I  have 
fecn  an  improvement  of  this  pendulum  by  Mr.  Troughton  of  Flect-ftreet,  in  which  a  bulb 
and  tube  of  glafs,  refemijling  the  common  thermometer,  was  fubflituted  inftead  of  the 
fimple  tube  of  Graham.  The  variable  furface  of  the  mercury  was  brought  into  that  part 
of  the  i;pd  where  its  changes  of  elevation  were  beft  calculated  to  countcradk  the  oppofite 
cacpanfioft  of  the  whole  apparatus. 

John  Hariifon  is  admitted  to  be  the  firfl  who  applied  the  oppofite  expanfions  of  brafs 
and  fteel  to  correft  each  other,  in  the  apparatus  called  the  gridiron  pendulum  ♦.  Since 
the  increafe  by  expanfion  in  brafs  and  fleel  is  as  113  to  68,  and  the  expanfion  in  any 
piece  of  metal  is  proportionate  to  its  length,  it  will  follow  that  thefe  increments  will  be 
cqualin  two  rods  of  thefe  metals  refpe£lively,  when  their  lengths  are  inverfely  as  thofc 
numbers.  That  is  to  fay,  if  a  rod  of  brafs  68  inches  long  be  laid  upon  a  rod  of  fteel 
113  inches  long,  fo  that  one  end  of  each  may  coincide,  and  thefe  ends  be  faftened  together; 
then,  if  the  oppofite  end  of  the  fteel  be  fixed  to  fome  invariable  fupport,  the  unconfined 
extremity  of  the  brafs  rod  will  alfo  keep  its  pofition  invariably  in  all  temperatures.  For 
the  expanfion  of  the  fteel  will  in  every  cafe  carry  the  whole  bar  of  brafs  as  much  in  one 
direflion  as  the  expanfion  of  this  laft  bar  would  have  carried  its  inner  extremity  in  the 
oppofite  dirediion.  We  may  imagine  the  ball  of  a  pendulum  to  be  fixed  at  this  invariable 
point,  and  the  centre  of  fufpenfion  to  be  at  the  fingle  end  of  the  fteel  bar^. 

But  it  is  inconvenient  to  have  nearly  half  the  pendulum  rod  beneath  the  ball ;  for  which 
rcafon  Mr.  Harrifon  cut  die  fteel  bar  into  three  parts,  and  the  brafs  into  two.  The  firft 
fteel  bar  hung  downwards  from  the  centre  of  fufpenfion.  To  its  lower  extremity  was 
attached  the  firft  brafs  bar  leading  upwards.  To  the  upper  extremity  of  this  was  attached 
thc'fecond  fteel  bar,  which  in  like  manner  fupported  by  its  lower  extremity  the  Tccond 
brafs  bar  leading  upwards.  A  double  combination,  of  the  nature  of  the  fimple  pair  of 
bars  firft  defcribed,  was  thus  formed,  in  which  the  predominant  expanfion  was  upwards, 
becaufe  the  brafs  and  fteel  were  nearly  equal  in  length.  But  the  addition  of  the  third 
fteel  bar  leading  downwards  from  the  upper  end  of  the  fecond  brafs  bar,  anfwered  the 
purpofe  of  making  the  defired  compenfation.  To  its  lower  extremity  then  the  ball  of 
the  pendulum  was  attached. 

Pendulums  of  this  conftru£bion  have  been  made,  tliough  it  is  certain  that  fuch  a  com* 
bination  of  bars,  inftead  of  remaining  parallel,  would  tend,  by  their  own  weight  and  that 
of  the  ball,  to  open  like  the  legs  of  a  pair  of  compafies,  and  that  the  remedy  of  bracing  to 
keep  them  together  would  certainly  impede  their  regular  adion.  Mr.  Harrifon  had  re- 
courfe  to  another  expedient.  Inftead  of  a  fingle  fteel  bar,  in  the  firft  inftance,  he  made  ufe  of 

•  Elemeats  of  Clock  and  Watch  Work,  by  Alexander  Cummiag,  London,  1766,  page  91. 
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two,  conncftcd  at  fome  dillance  afunJer  by  a  crofs  piece  above  and  below,  at  their  ex- 
tremities, forming  a  parallelogram.  Within  and  nearly  contiguous  to  thefc  were  placed 
two  brafs  bars,  pinned  to  the  lower  crofs  piece,  and  proceeding  upwards  to  another  crofs 
pieoe  which  conncvSled  their  fuperior  extremities.  From  this  laft  piece  hung  a  fecond 
pair  of  ftcel  bars,  within  and  nearly  contiguous  to  thofe  of  brafs.  This  laft  pair  was  alfo 
connefled  below  by  a  feparate  crofs  piece,  like  the  firft,  from  which  a  fecond  pair  of  brafs 
bars  proceeded  upwards,  as  before,  and  were  connected  at  top,  like  the  former  pair  of  the 
fame  metal.  And  laftly,  from  the  upper  connefting  piece  of  thefe  brafs  bars  defcended  one 
fingle  bar  of  fteel,  which  pafTcd  clear  through  the  lower  framing,  and  ferved  to  fufpend  the 
lens  or  ball.  In  this  ingenious  contrivance  it  is  evident  chat  the  bars  of  the  fame  metal, 
which  were  ufed  in  pairs,  performed  the  office  of  fingle  rods,  excepting  that  they  mutually 
fupported  each  other,  fo  as  to  need  no  bracing.  It  is  likewife  clear  that,  fnice  the  pairs  of 
brafs  and  fteel  bars  compared  with  each  other  are  nearly  equal  in  length,  the  repetition  muft 
be  more  frequent,  in  order  to  countera£t  the  expanfion  of  the  fingle  fteel  bar  in  the 
middle,  in  proportion  as  the  difference  of  their  expanfions  is  lefs.  Thus  Harrlfon  and  the 
earlier  artifts  cut  the  fteel  bar  into  tliree  parts,  and  the  brafs  into  two,  which,  with  the 
doubling  of  the  three  outer  bars,  formed  a  gridiron  of  fcven  bars.  But  at  prefcnt,  by  fub- 
ftituting  a  mixture  of  zinc  and  filver  in  the  place  of  the  brafs,  the  expanfion  of  the  com- 
pound rod  is  found  to  be  fo  great,  that  two  pieces  of  fteel  and  one  of  the  zinc  and  filver 
may  be  conveniently  ufed,  which  contrivance  affords  a  compound  bar  of  five  pieces  only. 
This  is  the  form  generally  ufed. 

The  gridiron  pendulum  defervedly  poffcffes  a  higher  degree  of  reputation  with  aftrono- 
mers  than  any  other  contrivance  upon  the  fame  principle.  But  a  confiderable  number  of 
pendulums  has  been  made  upon  another  conftru£lion,  known  by  the  name  of  its  inventor, 
Mr.  John  EUicott.  This  artift  formed  his  pendulum-rod  of  iron  j  but  inftead  of  attaching 
the  ball  to  this  rod,  he  caufed  it  to  reft  upon  the  outer  arms 'of  two  (liort  levers,  moveable 
upon  centre-pins  fixed  in  the  iron  bar.  The  inner  ends  of  thefe  levers  were  aded  upon 
by  the  lower  extremity  of  a  bar  of  brafs  of  the  fame  figure  as  the  pendulum-rod  againft 
which  it  was  applied,  and  to  which  its  upper  extremity  was  attached.  From  this  arrange- 
ment it  followed  that,  upon  an  increafe  of  temperature,  the  brafs  bur,  being  lengthened  more 
than  the  iron,  would  caufe  the  inner  tails  of  the  levers  to  defcend  more  than  the  fulcrum- 
pins,  and  confequcntly  would  raife  the  outer  tails,  and  along  with  them  the  ball.  By  the 
ingenious  application  of  fcrews  to  adjuft  the  bearing  parts  of  the  ball  upon  the  levers,  the 
quantity  of  afcent  in  the  ball  itfclf  was  fo  regulated  as  to  counteraft  the  efie£t  of  lengthening 
in  the  iron  bar,  which  is  the  true  pendulum-roJ. 

The  objcftions  made  by  curious  reafoncrs  to  this  contrivance  are,  that  the  levers  may  be 
prevented  by  friction  from  obeying  minute  alterations  of  temperature;  and  that  the  two 
bars  may  be  bended  during  the  increafe  of  temperature.  Mr.  Cumming,  in  his  work  before 
quoted,  has  .confidcrably  improved  this  invention,  though,  after  all,  it  is  liable  to  more 
objedions  than  the  gridiron.  Its  chief  merit  appears  to  confift  in  the  facility  with  which 
k  may  be  adjufted  to  temperature,  with  little  or  no  alteration  of  the  adjuftmcnt  for  time. 

Several  writers  on  this  fubjeft  have  ftrongly  infifted,  that  every  compenfation  for  tem- 
perature, whether  in  a  balance  or  pendulum,  ought  to  move  through  the  air  along  with  it, 
in  order  that  the  feveval  parts  may  be  heated  or  cooled  together.    To  this  it  has  been 
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airfwcred>  that,  from  the  neccflary  circulation  of  heated  air,  through  its  difference  of  denflty,. 
and  the  fpecd  with  which  metals  conducl  heat,  it  is  not  probable  that  any  appreciable  dif- 
ference of  efFcftcan  arifc  from  the  pendulum  itfelf  becoming  heated  or  cooled  more  fpeedily 
than  any  fixed  part  of  the  apparatus  which  may  be  applied  to  obviate  its  change  of  figure;, 
and  (lill  more  it  is  remarked,  that  the  fmall  variations  would  correct  each  other  in  their 
return.     Thcfe  arguments  appear  to  pofTcfs  confidcrable  praftical  force  in  favour  of  fixed 
compenfations,  which  in  fome  indances  are  fimplcr  and  cheaper  than  fuch  as  move  with, 
the  pendulum. 

The  ordinary  principle  of  thefe  combinations  is  nevcrthelefs  fuch  as  to  imply  the  ufc  of. 
a  lever.     If  we  fuppofe  an  inflexible  bar  of  brafs,  Handing  upright  upon  a  Heady  fupport, 
to  afford  the  fulcrum  to  an  horizontal  lever  extending  each  way  ;  and  that  a  vertical  bar  of. 
fteei  be  attached  to  one  extremity.of  the  lever,  and  fallened  beneath  to  the  fame  fupport,  it  is. 
certain  that  the  other  extremity  of  the  lever  will  afcend  by  heat,  and  defcend  by  cold,  ac- 
cordingly as  the  fulcrum  rifes  and  falls  through  a  greater  fpacc  than  the  extremity  of  the. 
fteel  bar  attached  to  the  oppofite  end  of  the  lever.     If  the  pendulum,  therefore,  be  fuf- 
pended  by  a  flexible  piece  of  fpring  to  that  end  of  the  lever  which  is  fartheft  from  the  fteel 
bar,  and  the  fpring  be  flightly  confined  by  a  notch  in  a  metallic  cock,  as  ufual,  the  afcent 
and  defccnt  of  the  whole  pendulum,  by  the  operation  of  this  contrivance,  will  counteract* 
the  defcent  and  afcent  of  the  ball  by  heat  and  cold.     In  order  that  it  may.  accurately  do 
this,  it  is  requifite  that  the  proportion  of  the  arms  of  the  lever  fliould  be  variable  by  ad- 
juftment. 

The  diredl  oppofition  of  the  cxpanfion  of  metals  is  certainly  the  moft  fimple  and  efFcflual;. 
and  that  by  levers  is  evidently  lefs  fo,  though  capable  of  being  magnified  at  pleafure.  This 
direct  aftion  has  been  applied  in  watches  to  carry  a  curb  or  piece  of  metal  which  fcrved  to  • 
lengthen  or  fhoften  the  e£Fe£live  part  of  the  pendulum-fpring,  accordingly,  as  the  difference 
of  temperature,  by  altering  the  diameter  of  the  balance,  might  render  it  more  or  lefs  eafy  to 
be  moved  with  a  determinate  velocity.  But  I  have  not  heard  of  any  fimple  contrivance  of 
this  nature  having  been  -applied  to  the  balance  itfelf.  It  might  not  be  difficult  to  conftruft  a 
balance  upon  the  principle  of  the  gridiron  pendulum  ;  but  the  difficulties  of  adjuftment  for 
temperature,  pofition,  and  rate  would  either  prove  exceedingly  great,  or  call  for  expedients, . 
hitherto  unthought  of,  to  fimplify  tlie  procefTes.  A  very  curious  contrivance  is  at  prefent 
ufed  in  our  befl  portable  time-pieces,  which  differs  very  much  from  thofe  before  defcribed. 
I  do  not  know  that  it  has  ever  been  fcientifically  treated,  nor  even  who  was  tlie  artill  that- 
firft  applied  it  to  watch-work.  One  artift  in  a  loofe  uncertain  manner  informed  me,  that 
he  underftood  the  contrivance  to  belong  to  M.  Bcrthoud  at  Paris;  another  pofitively  alfiired 
me,  that  the  well-known  Pinchbeck  in  Cockfpur-ftreet  exhibited  a  metallic  folid  thermometer 
on  this  principle  many  years  ago.  Gumming  appears  to  have  known  nothing  of  it  in  1766, 
when  he  publifhed  his  Elements ;  neither  do  I  find  it  in  the  French  Encyclopedic  pub- 
liflied  in  1779.  I  fliouid  be  happy  to  do  jufticc  to  the  inventors  by  the  afTiftancc  of  com- 
municatians  from  cotrefpondents.  The  principle  of  this  contrivance  is,  fimply,  that  if  the 
faces  of  two  ftrait  bars  of  metal,  differing  in  their  expanfibility,  be  faflcned  together  by 
riveting  or  foldering,  they  will  continue  ftrait  only  fo  long  as  the  original  temperature  , 
remains  ;  but  if  tlie  temperature  be  augmented,  the  moft  expanfible  metal  will  become  the 
longer,  and  a  flexure  will  takeplace>fo  as  to  prpduce  convexity  oa  that  fide  and  concavity 
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on  the  other.     But  if  tlic  temperature  be  diminiflied,  the  mod  variable  of  the  two  metals, 
by  contrading  more  than  the  other,  will  form  a  concavity  on  its  fide. 

It  might  afford  data  for  intcrcfting  mathematical  fpeculation  to  afcertain  what  would  be 

the  nature  of  the  cur\'es  formed  by  fuch  a  combination  of  materials  in  all  the  nfluniable 

"^^  varieties  of  figure,  tenacity,  flexibility,  and  temperature.     The  confiderations  which  prefent 

thcmfelves  in  a  l6ofe  profpeft  of  the  fubjeft  may  be  exemplified  in  two  uniform  bars  of 

brafs  and  fteel,  djfFering  only  in  thicknefs,  meafurcd  from  the  common  face  of  contaft. 

Metals  arc  capable  of  being  lengthened  or  fliortened  by  mechanical  force,  as  well  as  by 
altering  their  temperature.  Hence,  if  the  temperature  of  a  piece  of  metal  be  increafed  at 
the  fame  time  that  its  expanfion  is  prevented,  the  confequence  muft  be  a  contra£lion  or 
diangc  in  the  texture,  of  the  nature  of  what  workmen  call  hammer  hardening.  And  the 
contrary  efFe£l  may  be  fuppofed  to  take  place  if  a  mechanical  obflacle  be  oppofed  to  prevent 
the  contraftion  which  would  take  place  by  cold.  It  is  known  from  experiment,  that  the 
dilatations  and  contraftions  from  change  of  temperature  are  made  with  an  extremely  great 
force  •,  but  from  other  experiments  it  is  alfo  known,  that  the  tenacities  of  bodies  are  fuf- 
ficient  to  oppofe  and  greatly  diminifli  the  efFeft  of  thofe  forces. 

If  a  thin  bar  of  fteel  be  foldered  to  a  very  thick  bar  of  brafs,  it  may  be  inferred  that  the 
greater  expanfions  and  contractions  of  the  brafs  will  alternately  rarefy  and  condenfe  the  ad- 
herent fteel,  at  the  fame  time  that  the  face  of  the  brafs  will  probably  undergo  an  oppoCte 
change  of  the  fame  nature,  in  the  vicinity  of  the  fteel.  It  may  be  imagined  that  the  immediate 
properties  of  the  metals  would  in  the  courfe  of  time  become  changed  by  this  continual  effort ; 
that  is  to  fay,  they  might  become  more  or  lefs  flexible,  tenacious,  hard,  expanfible,  denfe,  &c. 
Thus  bell-wires  become  hard  by  pulling;  gold,  in  the  hands  of  the  gold-beaters,  becomes 
foft  by  bending  backward  and  forward ;  brittlencfs  is  produced  by  tvvifting,  and  fo  forth. 
The  power  of  the  brafs  to  alter  the  texture  of  ihc  fteel  muft  be  derived  from  two  of  its 
qualities;  namely,  its  refiftance  to  flexure,  and  its  ftrcngth  or  refiftance  to  change,  of  the 
fame  kind  which  was  inferred  to  take  place  chiefly  in  the  fmaller  bar.  Whenever,  tliere- 
fore,  it  is  required  that  the  expanlions  and  contraflions  from  temperature  fliould  be  ex- 
cited chiefly  in  bending  the  compound  bar,  it  is  neceflary  that  the  ftrengths  and  flexi- 
bilities of  the  two  bars  (hould  be  fo  proportioned  that  the  texture  of  each  fliould  fufl^er 
alike. 

The  increafe  of  dimcnfions  in  brafs  and  fteel  in  like  elevations  of  temperature  is  nearly 
as  two  to  one.  The  weight  required  to  break  a  wire  of  fteel  is  about  double  that  required 
to  produce  the  fame  effecl  in  brafs.  If  a  bar  of  brafs  be  foldered  to  a  bar  of  fteel  of  half 
the  thicknefs,  their  ftrengths  will  then  be  nearly  equal ;  and  the  yielding,  except  fo  far 
as  depends  on  the  mechanical  difficulty  of  bending  a  thicker  bar,  will  be  nearly  the  fame 
in  both.  Steel,  being  Icfs  flexible  than  brafs,  diminifhes  the  efl^edl  of  the  mechanical  advan- 
tage  of  the  latter  from  its  thicknefs,  and  renders  it  icfs  neceflary  to  take  it  into  confideration. 

When  the  ftrengths  of  the  two  bars  are  nearly  equal,  and  the  flexibilities  great,  there 
will  moft  probably  be  fome  line  within  each  bar  which  will  poflTefs  the  fame  length  as 
that  of  the  unconfined  bar  at  the  fame  temperature. 

If  a  right  line  be  divided  into  any  number  of  equal  parts,  and  a  number  of  equal  per- 
pendiculars be  erefted  at  the  feveral  points  of  divifion,  the  diftances  between  the  upper 
extremities  of  the  feveral  adjacent  perpendiculars  will  be  equal.     But  if  thefe  intervals  be 
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every  one  alike  increafed  while  the  lines  joining  the  lower  extremities  continue  ftrait  and  unal- 
tered in  lengthy  it  may  cafily  be  fhe  wn  that  the  right  line  will  become  regularly  polygonal  s  and 
if  the  number  of  diviGons  were  indefinitely  great,  this  polygonal  line  would  become  circular* 
The  fteel  and  brafs,  in  our  experiments,  are  referable  to  ibis  theorem  5  for,  while  they 
continue  (Irait,  an  indefinite  number  of  perpendiculars  may  be  conceived  to  be  drawn 
from  the  furface  of  the  ftccl  to  the  furfacc  of  the  brafs,  at  right  angles  to  the  plane  of 
conra£t.  Change  of  temperature  will  render  one  bar  longer  than  the  other  5  the  perpen- 
diculars will  diverge,  and  the  right  line  will  become  a  circle. 

The  fliorier  the  perpendiculars,  that  is  to  fay,  the  thinner  the  bars,  the  greater  will  be 
the  divergency  from  a  given  difference  of  length,  and  confequently  the  fmaller  the  circle  \. 
that  is  to  fay,  the  diameters  will  be  nearly  in  proportion  to  the  thicknefles.  Acoordingly 
it  is  found  that  very  thin  bars  of  this  conflruftion  are  much  more  bended  by  the  fame, 
change  of  temperature  than  fuch  as  are  thicker.  If  a  narrow  piece  of  the  thin  tinned  iron 
called  fl)ect-tin,  about  eight  or  ten  inches  long,  be  rubbed  bright,  and  wetted  with  a  fo- 
lution  of  fal  ammoniac,  and  upoA  this  there  be  applied  an  equal  thin  flip  of  fheet  brafs,  alfo 
brightened,  and  wetted  with  the  fame  folution,  and  the  faces  be  preflcd  firmly  together  by 
confining  them  between  two  thick  ftrait  bars  of  metal,  bound  together  with  wire  (while 
in  the  vice),  the  whole  apparatus  may  be  then  gently  heated,  till  the  coating  of  the  tin  is 
fufed,  and  folders  the  faces  together.  This  period  is  known  by  placing  a  fmall  piece  of  tin 
upon  the  outfide,  which  will  flow  when  the  heat  is  fuiRciently  elevated.  When  the 
compound  bar  thus  obtained  is  bended  up  in  the  figure  of  a  pair  of  tea-tongs,  the  change 
of  pofition  of  its  extremities  is  very  perceptible,  and  is  fuch  that  (the  iron  being  outfide) 
it  not  only  opens  vifibly  when  held  to  the  fire  or  touched  by  the  hand,  but  even  when 
breathed  upon. 

The  praAical  advantage  of  this  con(lru£tion  is,  that  the  range  of  motion  greatly  exceeds- 
that  of  the  mere  expanfion  or  contraction.  The  difadvantage  to  be  fufpeded  is,  that  the 
properties  of  the  combination  may  change,  fo  that  the  original  motion  produced  from  a 
known  alteration  of  temperature  may  not  take  place  after  fome  years  heating  and  cooling. 

When  a  thin  bar  of  brafs  is  attached  to  another  of  fteel  of  nearly  the  fame  tenacity  and 
flexibility,  and  both  become  expanded  by  heat,  the  form  of  a  circular  arc  will  be  aflumed, 
of  which  the  radius  may  be  difcovered  by  admeafurement ;  and  the  difference  in  length  of 
the  two  bars  afcertained  by  an  eafy  calculation.  Or  converfely,  if  their  expanfion  be  known 
at  any  given  temperature,  it  "will  be  eafy  to  determine  the  curve.  In  order  to  afcertain 
from  direft  experiment,  without  reference  to  pyrometrical  tables,  the  proportion  between 
the  lengthening  of  the  brafs  "beyond  the  fteel,  and  the  fpace  moved  through  by  the  ex- 
tremity of  a  bar  of  this  kind,  I  had  recourfe  to  experiment.  A  bar  of  plate  fteel,  0.033 
inch  thick,  0.55  inch  wide,  and  6.4  inches  long,  \*as  riveted  to  a  pcrfe£Hy  fimilar  and  equal 
bar  of  plate  brafs  by  fmall  iron  rivets,  as  in  Figure  i,  Plate  V.  It  was  then  pinned  at 
one  end  againft  a  ftrait  b^r  of  copper,  which  it  touched  through  its  whole  length,  from 
the  pin  to  the  other  end  that  was  left  at  liberty.  The  diftance  from  the  pin  to  the  free 
end  was  6.35  inx:hes.  Immediately  oppofite  the  laft-mentioned  end  a  pin  was  fixed  upright 
in  the  copper,  very  near  the  end,  but  not  touching  it.  On  the  pin  was  Aided  a  fpring 
clip,  with  a  fliort  tail  as  at  C  in  Figure  2,  where  AB  reprefents  the  compound  bar  and 
D£  the  pin.  The  brafs  fide  of  the  bar  was  next  the  copper.  When  the  temperature  was  40^ 
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of  Fahrenheit,  hoth  bars  touched ;  but  upon  immerfing  the  whole  in  boiling  water,  the 
compound  bar  bended,  and  pu(l)ed  the  clip  through  the  fpace  of  0.16  inch.  This  fpace 
•is  the  verfed  fine  of  the  circular  arc  AC,  produced  by  raifing  the  temperature  fro'm  40®  to 
212°,  namely  172**.  But  as  the  verfed  fine  0.16  is  to  the  fine  6.  35,  fo  is  the  fine  6.35  to  a 
fourth  number  252  \  which  added  to  the  verfed  fine  gives  the  diameter  252.23  inches  of 
"the  circle  into  which  the  upper  face  of  the  fteel  bar  had  bended,  and  its  circumference  792 
inches.  But  the  diiFcrence  between  the  diameter  of  the  circle,  meafured  on  the  brafs 
convex  outer  face,  and  that  bounded  by  the  interior  or  concave  face  of  the  fteel,  was  twice 
the  thicknefs  of  the  bar,  or  0.132  inch.  But  it  fecms  fair  to  mcafure  the  real  lengths  of 
the  bars  through  the  middle  of  their  folidiiies.  The  difference  of  diameter  of  two  circles 
pafllng  through  the  bars  in  this  manner  would  confequently  be  no  more  than  0.066  inch; 
and  of  their  circumferences  0.207,  which  is  the  expanfion  of  the  whole  circle  of  brafs 
•beyond  the  fteel.  Whence  the  whole  periphery  792  inches  is  to  the  length  of  the  bar  (nc- 
glefting  the  expanfion  endways)  6.35  as  the  whole  diftcrence  of  the  circumferences  0.207 
inch  is  to  the  excefs  of  expanfion  in  the  brafs  beyond  the  fteel  0.00166  inch.  Now  as  the 
motion  of  the-  end  of  the  compound  bar  by  flexure  was  0.16  inch,  it  was  nearly  one  hun- 
dred times  as  great' as  the  linear  difference  of  expanfion  in  the  two  metals. 

Since  the  verfed  fines  of  very  fmall  arcs  may  be  taken  to  be  as  the  fquarcs  of  the  lengths 
of  the  arcs  themfelves,  and  in  fimilar  arcs  they,  arc  as  the  diameters,  the  quantities  of  de- 
flexion meafured  by  the  verfed  fines  of  equal  fmall  arcs  in  circles  of  diflTcrcnt  diameters 
will  be  invcrfely  as  the  fquares  of  the  diaixieters,  and  dircftly  as  the  diameters,  or  more 
fimply  in  the  invetfe  ratio  of  the  diameters  themfelves.  And  as  the  fteel  made  ufe  of  iii 
this  experiment  was  about  five  times  the  thicknefs^  of  ordinary  watch-fpring,  it  will  follow^  . 
that  a  compound  bar  made  of  watch-fpring  and  brafs  of  the  fame  thicknefs  would  have  been 
deflefled  five  hundred  times  as  much  as  the  mean  excefs  of  expanfion  of  the  brafs  beyond 
the  fteel. 

Fig.  10,  Plate  V,  reprefents  the  balance  conftrufled  on  this  principle,  and  known  by  the 
name  of  the  expanfion  balance.  The  outer  part  of  the  rim  is  brafs,  and  the  inner  fteeL 
After  this  compound  rim  is  brought  to  its  figure  by  turning,  it  is  cut  through  in  three 
places  A,  B,  C,  which  fels  one  end  of  each  third  part  of  the  periphery  at  liberty  to  move 
outwards  when  the  temperature  ia  diminiflicd,.  or  inwards  when  if  is  increafed.  D,  E,  F 
are  three  fimilar  and  equal  mafl'es  of  metal  fitted  upon  the  circular  bars  in  a  proper  man- 
ner to  admit  of  their  being  fixed  at  any  required  diftance  from  the  extremity,  where  the 
motion  is  moft  confiderable.  G,  H,  I  are  three  fcrews,  the  heads  of  which  maybe  fct 
nearer  to  or  farther  from  ihc  centre,  and  ferve  as  weights  tp  cffecl  the  adjuftments  for  po- 
fition  and  rate.  The  peculiar  advantage  of  this  balance  may  be  explained  as  follpws : 
When  an  increafe  of  heat  diminifhes  tlic  elaftic  force  of  the  pendulum-fpring  K,  the  outer 
brafs  rim  being  lengthened  more  than  the  fteel,  muft  throw  the  weights  DEF  nearer  to  the 
axis,  and  diminifh  the  cfTccil  of  the  inertia  of  the  balance,  which  confequently  is  as  fpecdily 
carried  through  its  vibration  as  before.  And  on  the  contrary,  when  cold  weather  adds  to 
the  elaftic  force  of  the  fpring,  the  fame  weights  are  alfo  thrown  farther  out,  and  prevent 
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the  acceleration  which  would  have  followed.  The  exaft  adjuftment  of  the  weights  is 
found  by  trial  of  the  going  of  the  machine.  If  it  gain  by  heat,  the  weights  compenfate  too 
much,  and  muft  be  moved  farther  from  the  extreme  ends  of  the  circular  compound  barsj 
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4nxt  if  the  gain  be  produced  by  cold,  the  fpring  predoininatesi  and  the  weights  will  accord- 
ingly require  to  be  fet  farther  out.  % 

I  have  not  met  with  any  application  of  this  principle  to  pendulums,  though  it  may  be 
applied  to  them  in  a  variety  of  methods.  Fig.  3  reprefents  an  apparatus  by  which  I  have 
fixfpended  the  fimple  pendulum  of  a  clock  in  my  pofleffion.  Its  chief  advantage  confifts  in 
the  facility  of  adj lifting. for  temperature  and  rate,  independently  of  each  other,  without 
(lopping  the  clock.  It  is  peculiarly  applicable  to  the  pendulum  for  obtaining  an  univerfal 
meafure,  contrived  by  Hatton  and  improved  by  Whitehurft  and  by  Dr.  George  Fordycc  *. 

In  the  Figures  3,  4,  5,  6,  7,  8,  9,  Plate  V,  the  fame  letters  denote  the  fame  things. 
Fig.  3  exhibits  the  entire  apparatus  together,  and  the  other  figures  (hew  the  parts  fepa- 
rately  taken.  II  is  a  brafs  platform,  which  is  to  be  firmly  fcrewed  in  the  horizontal  po- 
Ction  upon  the  fteady  fupport  intended  to  fuftain  the  pendulum.  At  OO  are  two  flits 
through  which  a  pair  of  fprings  pafs,  and  ferve  in  the  ufual  manner  to  afford  the  centres 
of  fufpenfion  of  the  pendulum.  Between  two  edge  bars  KK  is  included  the  tapped  part 
of  a  piece  of  turned  fteel  FF,  of  which  nearly  one  half  L  is  tapped  with  a  left-hand  fcrew^ 
and  .the  other  half  R  with  a  right-hand  fcrew  of  the  fame  thread,  a  fmall  portion  near.the 
middle  being  reduced  to  afford  a  complete  termination  to  the  fcrews.  The  outer  tails  at  the 
extremities  FF  are  fquared  to  receive  a  milled  head  G  for  the  purpofe  of  moving  it  round. 
Two  bridge-pieces  HH  are  tapped  to  ferve  as  nuts  to  the  fcrews,  and  are  fo  carefully  filed  at 
bottom,  together  with  the  edge  bars,  that  when  the  bars  are  fixed  to  the  platform  the  bridge- 
pieces  move  ftifHy  along  the  face  when  the  fcrew  is  turned.  The  motion,  from  the  nature 
of  the  fcrews,  is  in  each  equal,  and  contrary  to  the  other.  At  the  outer  corner  above  of 
each  bridge-piece  an  edge  is  prominent,  which  is  reduced  at  top,  all  but  the  corners,  to 
afibrd  a  fteady  lodgement  for  a  compound  bar  ££,  without  fuffering  it  to  touch  the  reft  of 
the  furface  of  thofe  pieces,  or  to  move  at  all  horizontally.  The  bar  £E  is  compofed  of 
brafs  and  fteel,  the  brafs  being  laid  uppermoft.  It  is  perforated  in  the  middle  at  Q^  Fig.  8, 
and  properly  opened,  to  afford  a  fteady  bearing  for  the  lower  extremity  of  the  fcrew  AB» 
Pig-  3i  of  which  the  figure  may  be  feen  at  S,'  in  Figure  7.  The  fcrew  is  provided  with 
a  double  milled  head,  and  graduated  circle,  each  divifion  of  which  anfwers  to  a  difference  of 
one  fecond  in  the  daily  rate.  The  branches  MM  fupport  a  face,  bearing  either  a  nonius,  or,  as 
I  have  it,  a  fingle  ftroke,  for  the  purpofe  of  fettine  the  fcrew  AB.  The  nut  C  receives  the 
fprings  of  tlie  pendulum  in  a  flit  P,  terminating  above  in  grooves  W^  Fig.  7  ;  and  the 
«tremities  of  the  legs  TT  are  fufiiciently  below  S  to  allow  the  weight  of  the  pen- 
dulum itfeJf  to  preferve  the  vertical  fituation  of  the  fcrew.  From  the  nut  C  proceeds  a 
flat  plate  DD,  which  fills  the  whole  fpace  between  the  edge  bars  KK,  and  prevents  the  nut 
from  moving  horizontally,  while  it  is  left  at  liberty  to  rife  or  fall  in  the  vertical  dire£tion. 

The  effe£l  of  this  apparatus  will  be  underftood  without  difficulty  after  this  defcription. 

^  I  do  not  pretend  to  infinuate  that  the  pra6tical  folution  of  this-  problem  has  yet  been  cleared  of  the  many 
difficulties  whicli  attend  ir.  The  penduluni  here  mentioned  confifls  of  a  flat  Oeel  wire  fufpending  a  weighty 
>vhich  vibrates  from  a  notch  in  a  plate  adjuftable  at  different  heights  to  meafuFC  the  linear  difference  be- 
tween the  feconds  and  half-feconds  pendulum.  Mr.  Hatton,  as  I  am  informed,  applied  many  years  ago  to  the 
Society  for  the  Encouragement  of  Arts  for  a  premium  in  favour  of  this  invention.  Mr.  Whitehurft  purfued 
<he  fame.  obje£^  afterwards ;  and  at  his  death  the  apparatus  was  purchafcd  by  Dr.  George  Fordyce,  who  has 
given  an  account  of  it,  with  drawings,  in  the  Philofophical  Tran(a(Uons  for  the  year  17^4,  page  t. 
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When  the  pendulum  N,  Fig.  3,  becomes  lengthened  by  heat,  it  is  evident  that  it  would  go 
flower  if  the  greater  expanfion  of  the  brafs  in  the  coirpound  bar  EE  did  not  at  the  fame' 
time  render  the  whole  bar  more  convex  above,  and  raife  the  fcrcw  and  its  nut,  and  with  it 
the  pendulum  itfelf,  which  is  by  that  means  conrefpondently  fliortened  at  O.  If  the  com- 
mon rate  of  going  from  day  to  day  differ  from  mean  time,  the  adjuftment  nmift  be  made 
by  the  fcrew  A.  But  if  this  rate,  being  fteady  while  the  temperature  continues  unaltered, 
(liould  be  found  to  change  when  the  temperature  is  changed,  the  adjuftment  mud  be  made 
by  the  fcrew  FF.  That  is  to  fay,  the  bridges  HH  are  to  be  moved  further  afunder,  if  the  • 
pendulum  lofes  by  heat ;  but  if,  on  the  contrary,  heat  caufes  it  Jto  gain,  the  effedl  of  the 
ccmpenfation  in  the  bar  EE  is  too  confiderable,  and  the  remedy  will  confift  in  moving  the 
bridges  nearer  to  each  other. 

Thus  it  IS  feen  that  an  adjuftable  compenfation  for  temperature  may  be  applied  by  this  me- 
thod with  the  fame  facility  as  the  adjuftment  for  rate.  It  only  remains  to  be  ol)ferved,  for 
the  inftrudion  of  a£tual  workmen,  by  what  method  it  is  afcertained  that  the  bar  EE  (hall ' 
poflefs  fufEcient  variation  in  its  flexure  to  produce  the  defired  eflFeft  within  the  limits  of  the 
bridge-pieces.  For  this  purpofe  it  is  advifable  to  make  a  compound  bar  of  brafs  and  ftecl/ 
fattened  together  by  riveting,  foft-foldering,  or  brazing ;  the  latter  method  of  which  is  moft  . 
advifable.  The  length  of  this  bar  may  be  fix  or  eight  inches,  and  the  thicknefs  of  each  metal 
may  be  between  the  twentieth  and  thirtieth  part  of  an  inch.  After  reducing  the  two  bars 
in  their  conjoined  ftate  to  an  uniform  thicknefs  by  filing  and  calipering  as  much  as  may 
be  requifite,  the  whole  flexure  of  the  bar,  by  a  confiderable  number  of  degrees  alteration 
of  temperature,  may  be  afcertained  in  the  method  defcribed  by  reference  to  Fig.  2.  The 
fpace  run  through  by  the  clip  C  will  be  the  verfed  fine  of  the  arc  of  flexure ;  whence  the 
verfcd  fines  or  deviations  from  the  right  line  may  be  deduced  in  fliorter  lengths ;  for  thefc 
are  very  nearly  in  the  prefent  cafe  as  the  fquares  of  the  lengths  of  the  bar.  The  eflfcftive 
length  of  the  compound  bar  EE  muft  be  meafured  from  one  of  the  bridges  E  to  the  middle 
point ;  that  is  to  fay,  it  will  be  equal  to  half  the  diftance  between  the  bearing  edges  when' 
drawn  as  far  as  poflTible  from  each  other.  The  proportion  will  therefore  be:  as  the  fquare 
of  the  whole  bar  is  to  the  fpace  moved  through  by  the  clip,  fo  is  the  fquare  of  the  eflfefiive 
bar  of  the  apparatus  to  its  flexure  by  expanfion.  From  the  length  of  the  intended  pendulum, 
and  the  nature  of  the  metal  of  its  rod,  its  dire£l  expanfion  for  the  number  of  degrees  in 
queftion  may  be  known  from  various  tables,  or  by  experiments.  The  rates  of  expanfion  in 
brafs.  and  fteel  have  already  been  quoted  in  this  paper.  It  is  taken  for  granted  that  the 
compound  bar  here  fpoken  of  has  been  made  fufliciently  thick,  and  that  the  deviation  by 
itexure  in  the  eflEc£live  bar,  deduced  from  the  proportion  of  the  fquares,  will  prove  lefs 
than  the  dire£i  expanfion  of  the  pendulum.  If  it  (hould  prove  greater,  the  bar  is  too  thin^ 
and  there  is  no  remedy  but  to  make  a  thicker.  We  may  however  proceed  on  the  fuppofi- 
tion  that  the  quantity  of  deviation  in  the  effeflive  bar  is  confiderably  lefs!  It  will  be  moft 
convenient  that  this  deviation  fliould  be  about  one-third  lefs.  If  the  difference  do  n6t  ex- 
ceed  this  quantity,  a  piece  of  the  long  bar  may  be  cut,  and  fitted  to 'the  apparatus.  If  it 
do  exceed,  the  flexibility  of  the  bar  from, temperature  will  be  increafed  by  reducing  it 
on  both  fides  with  the  file.  The  quantity  of  deviation  will  be  nearly  in  the  inverfe  pro- 
portion of  the  thicknefs,  as  has  already  been  ftated.  Whence  it  is  obvious,  that  the  re- 
quifite thicknefs  may  be  deduced  and  acquired  from  the  original  experiment  of  flexure  by 
change  of  temperature.    But  it  is  fafer  and  better  to  take  the-  fmall  additional  trouble  of 
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afcertaining  the  rate  of  flexure  from  time  to  time  during  the  filing,  by  means  of  the  fimple 
apparatus.  Fig.  2. 
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III. 

Ohjervations  and  Experiments  on  the  Light,  Expeuce  and  Conjlru^ion  of  Lamps  and  Candles^ 

and  the  Probability  of  rendering  Tallow  a  Subjlitute fhr  IVaK, 

F  we  difttibute  the  catalogue  of  human  wants  in  the  order  of  the  neceflity  of  each,  food 
will  occupy  the  firft  place ;  and,  next  to  this,  in  moft  climates  of  the-  earth,  the  articles  of 
fuel,  lodging,  and  clothing  will  immediately  prefent  themfelves.  The  total  want  of  any  of 
thefe  necefTarily  implies  extreme  diftrefs ;  and  if  fuch  a  privation  be  applied  even  in  fancy 
to  an  entire  fociety,  every  notion  of  comfort  and  civilization  feems  at  once  to  difappear. 
Inferior  only  to  thefe  in  its  urgency  is  the  neceflity  of  artificial  light  during  the  abfence  of 
Ac  fun.  We  might  indeed  exift  without  it ;  but  how  large  a  portion  of  our  lives  would 
in  that  cafe  be  condemned  to  a  ftate  little  fuperior  in  efiicacy  to  that  of  the  animals  around 
us !  It  might  be  a  curious  fpeculation  to  enquire  .how  far  and  in  what  refpe£ts  the  morals 
of  man  would  become  degraded  by  the  want  of  fo  important  an  art;  fince  every  ufeful  art 
mud  furely  in  its  confequenc6s  afl^A  the  moral  principles  of  fociety*  But  it  is  fufficient 
on  the  prefent  occafion  that,  previous  to  entering  upon  a  diflTertation  refpe£ling  the  art  of 
illumination,  a  ttain  of  ideas  has  flightly  been  pointed  out,  which  cannot  fail  to  ihew  its 
magnitude  and  importance. 

We  are  acquainted  with  no  means,  unlefs  we  may  except  eleflricity,  of  producing  light 
but  by  combuftion,  and  this  is  moft  probably  of  the  fame  nature.  The  rude  method  of 
illumination  confifts  in  fuccefllvely  burning  certain  mafles  of  fuel  in  fhe  folid  ftate.  Com* 
mon  fires  anfwer  this  purpofe  in  the  apartments  of  houfes,  and  in  fome  light-houfes :  fmall 
pieces  of  refinous  wood,  and  the  bituminous  coal  called  kannel-coal,  are  in  fome  coun- 
tries applied  to  the  fame  ufe ;  but  the  moft  general  and  afeful  method  is  that  in  which  fat 
oil,  of  an  animal  or  vegetable  kind,  is  burned  by  means  of  a  wick.  Thefe  inftruments  of 
illumination  are  either  lamps  or  candles.  In  the  lamp,  the  oil  muft  be  one  of  thofe  which 
retains  its  fluidity  in  the  ordinary  temperature  of  the  atmofphere.  The  candle  is  formed 
of  an  oil,  or  other  material,  which  is  not  fufible  but  at  a  temperature  confiderably  elevated. 

The  method  of  meafuring  the  comparative  intenfities  of  light  is  one  of  the  firft  requifites 
in  an  enquiry  concerning  the  art  of  illuthination.  Two  methods  of  confiderable  accuracy 
are  defcribed  in  the  Traite  d'Optique  of  Bouguer,  of  which  an  abridged  account  is  given 
by -Or.  Fricftley  in  his  Optics  *,  page  540.  The  firft  of  thefe  two  methods  has  been  ufed 
by  others  fince  that  time,  and  probably  before,  from  its  very  obvious  nature,  but  particu« 
larly  by  Count  Rumford,  who  has  given  a  defcription  and  drawings  of  an  inftrument 
called  the  Photometer,  in  the  Philofophical  Tranfaflions  for  1794.  The  principle  it  is 
jprounded  upon  is,  that  if  two  lights  (hine  upon  the  fame  furface  at  equal  obliquities,  and 
an  opake  body  be  interpofed,  the  two  (hadows  it  will  produce  muft  differ  in  blacknefs  or 
intenfity  in  the  (ame  degree.    For  the  fhadow  formed  by  intercepting  the  greater  light 

♦.The  title  of  this  well-known  work  is :  The  Uiftory  and prefetti  State  of  Difcoverics  relaiittg  fo  Fifton^  Light ^ 
and  Colours,    By  Jofeph  Pricftley,  LL.  D.  F.  R.  S.  London.    Jolntfoii,  1772. 
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will  be  illuminated  by  the  fmalkT  light  only,  and  reverfely  the  other  (hadow  will  be  illii^ 
minated  by  the  greater  light.  That  is  to  fay,  in  (hort,  the  ftrongcr  light  will  be  attended 
with  the  deeper  fhadow.  But  it  is  eafy,  by  removing  the  greater  liglit  to  a  greater  dif-' 
tance,  to  render  the  illumination  it  produces  at  the  common  furface  equal  to  that 
afforded  by  the  lefs.  Experiments  of  this  kind  may  be  conveniently  made  by  fallen* 
ing  a  flieet  of  white  paper  againft  the  wall  of  a  room.  The  two  lights  or  candles  in- 
tended to  be  compared,  mnft  then  be  placed  fo  that  the  ray  of  light  from  each  fliall  fall 
with  nearly  the  fame  angle  of  incidence  upon  the  middle  of  the  paper.  In  this  fituation, 
if  a  book  or  other  objeA  be  held  to  intercept  part  of  the  light  which  would  have  fallen 
on  the  paper,  the  two  (hadows  may  be  made  to  appear  as  in  Figure  io»  Plate  V,  where  A 
reprefents  the  furface  illuminated  by  one  of  the  lights  only ;  B,  the  furface  illuminated  by 
the  other  light ;  C,  the  perfeft  (hadow  from  which  both  lights  are  excluded.  It  will 
eafily  be  uiuierftood  that  the  lights  about  £)  and  K,  near  the  angle  F,  will  fall  with  equal 
incidences  when  the  double  ihidow  is  made  to  occupy  the  middle  of  the  paper ;  and  eon- 
fequeiitly,  if  one  or  both  of  the  lights  be  removed  directly  towards  or  from  the  paper,  as 
the'appearances  may  require,  until  the  two  (hadows  at  £  and  D  have  the  fame  intenfitjr^ 
the  quantities  of  light  emitted  by  each  will  be  as  the  fquaree  of  the  diilances  from  the  paper. 
By  fome  experiments  made  in  this  way  in  the  year  1785, 1  was  fatisfied  that  tlie  degree  o£ 
illumination  could  be  thus  afcertained  to  the  eightieth  or  ninetieth  part  of  the  whole. 

By  experiments  of  this  kind  many  ufeful  particulars  may  be  (hewn.  Thus,  for  example,  the 
light  of  a  candle,  which  is  fo  exceedingly  brilliant  whep  (ir(t  fnuffed,  is  very  fpeedily  dimini(hed 
to  one-half,  and  is  ufually  not  more  than  one-(ifth  or  one-fixth  before  the  uneafinefs  of  the 
eye  induces  us  to  fnuff  it.  Whence  it  follows,  that  if  candles  could  be  made  fo  as  not  to 
require  fnufHng,  the  average  quantity  of  light  afforded  by  the  fame  quantity  of  combufti- 
ble  matter  would  be  more  than  doubled.  In  the  fame  way,  likewife,  (ince  the  coft  and 
duration  of  candles,  and  the  confumption  of  oil  in  lamps,  are  eafily  afcertainable,  it  may  be 
(hewn  whether  more  or  lefs  of  light  is  obtained  at  the  fame  expence  during  a  given  time,  by 
burning  a  number  of  fmall  candles  inftead  of  <Hie  of  greater  thicknefs.  From  a  few  ex- 
periments already  made  out  of  the  numerous  and  ufeful  feries  that  prfefents  itfelf,  I  have 
reafon  to  think  that  theie  is  very  much  wafte  in  this  expenfure  article  of  accommodation.  - 

In  the  lamp  there  are  three  articles  which  demand  our  attention,  the  oil,  the  wick,  and 
the  fupply  of  air.  It  is  required  that  the  oil  (bould  be  readily  inflammable^  without  con- 
taining any  fetid  fubftanoe  which  may  prove  ofienfive,  or  mucilage,  or  other  matter,  to 
obdrud  the  channels  of  the  wick.  I  do  not  know  of  any  procefs  for  meliorating  oils  fof 
this  purpofe,  excepting  that  of  wa(hing  with  water  containing  acid  or  alkali.  Either  of 
thcfe  is  faid  to  render  the  mucilage  of  animal  oilfi  more  foluble  in  the  water  j  but  acid  is 
preferred,  becaufe  it  is  lefs  difpofed  to  combine  with  the  oil  itfelf.  The  office  of  the  wick 
appears  to  be  chiefly,  if  not  folely,  to  convey  the  oil  by  capillary  attradion  to  the  place  of 
combuftion.  As  the  oil  is  confumed  and  flies  off,  other  oil  fucceeds,  and  in  this  way  ;^ 
continued  current  of  oil  and  "maintenance  of  the  flame  are  eflfefted.  But  as  the  wicks  of 
lamps  are  commonly  formed  of  combuflible  matter,  it  appears  to  be  of  fome  confequence 
what  the  nature  and  (Iruf^ure  of  this  material  may  be.  It  is  certain  that  the  flame  affiDrded 
by  a  wick  of  rufli  diflS^rs  very  confiderably  from  that  afforded  by  cotton  \  though  perhaps  this 
difference  may^  in  a  great  meafurc,,  depend  on  the  relative  dimenfions  of  each.    And  if 
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we  may- judge- from  the  different  odour  in  blowing  out  a  candle  of  each  fort,  there  is  fome 
reafon  to  fufpe£l  that  the  decompofition  of  the  oil  is  not  efi^cfted  precilely  in  the  fame 
manner  in  each.  We  have  alfo  fome  obfcure  accounts  of  prepared  wicks  for  lamps,  which 
arc  ilattd  to  polTefs  the  property  of  facilitating  the  combudion  of  very  impure  oils,  fo  that 
tliey  fliall  burn  for  many  hours  without  fmoke  or  fmell  **. 

The  acccfs  6l  air  is  of  the  lad  importance  in  every  procefs  of  combuftion.    When  a  lamp/ 
is  fitted  up  with  a  very  flender  wick,  the  flame  is  fmall,  and  of  a  brilliant  white  colour  :  if 
the  wick  be  larger,  the  combuftion  is  lefs  perfefl,  and  the  flame  is  brown  :  a  ftill  larger  wick 
not  only  exhibits  a  brown  flame,  but  the  lower  internal  part  appears  dark,  and  is  occupied 
by  a  portion  of  volatilifcd  matter,  which  does  not  becon^e  ignited  until  it  ha^  afcended  to- 
wards the  point.     When  the  wick  is  either  very  large  or  very  long,  part  of  this  matter 
efcapes  combuftion,  and'  (hews  itfelf  in  the  form  of  coal  or  fmoke.     The  different  in- 
tenfity  of  the  ignition  of  flame,  according  to  the  greater  or  lefs  fupply  of  air,  is  remarkably 
feen  by  placing  a  lamp  with  a  fmall  wick  beneath  a  (hade  of  glafs  not  perfe£ily  clofed  below, 
and  more  or  lefs  covered  above.    While  the  current  of  air  through  the  glafs  (hade  is  per- 
fe£l]y  Aree,  the  flame  is  white  \  but  in  proportion  as  the  aperture  above  is  diininifhed,  the 
flame    becomes  brown,    long,  wavering,  and  fmoky ;    it  inftantly  recovers  its   original, 
whitencfs  when  the  opening  is  again  enlarged.    The  inconvenience  of  a  thick  wick  has- 
Been  long  fince  obferved,  and  attempts  made  to  remove  it ;  in  fome  inftances  by  fubftituting 
a  number  of  fmall  wicks  inftead  of  a  larger  y  and  in  others,  by  making  the  wick  flat  in-- 
ftead  of  cylindrical.     The  moft  fcientific  improvement  of  this  kind,  though  perhaps  lefa 
(imple  tlian  the  ordinary  purpofes  of  life  demand,  is  the  well-known  lamp  of  Argand#     la^ 
&is  the  wick  forms  a  hollow  cylinder  or  tube,  which  flide^  over  another  tube  of  metal,  fo* 
as  to  aflFord  an  adj^uftment  with  regard  to  its  length.     When  this  wick  is  lighted,  the 
flame  itfelf  has  the  figure  of  a  thin  tube,  to  the  inner  as  well  as  the  outer  furface  of  which, 
the  air  has  accefs  from  below.     And  a  cylindrical  (hade  of  glafs  ferves  to  keep  the  flame 
fteady,  and  in  a  certain  degree  to  accelerate  the  current  of  air.     In  this  very  ingenious  ap- 
paratus  many  experiments  may  be  made  with  the  greateft  facility.     The  inconvenience  of 
a  long  wick,  which  fupplies  more  oil  than  the  volume  of  flame  is  capable  of  Jburning,  and 
which  confequently  emits  fmoke,.  is  fcsen  at  once  by  raifing  the  wick ;  and  on  the  other 
hand,  the  eflFe£t  of  a  Abort  wick,  which  affords  a  diminutive  flame  merely  for  want  of  a  ^ 
fuiKcient  fupply  of  combuftible  matter,  is  obfervable  by  the  contrary  procefs. 

The  moft  obvious  inconvenience  of  lamps  in  general,  arifes  from  the  fluidity  of  the 
combuftible  material,  which  requires  a  veflfel  adapted  to  contain  it,  and  even  in  the  beft 

•  The  economical  wicks  o£  M.  Legeri  concemrng  which  a  Report  was  prefentcd  to  the  Academy  at 
Paris  in  1782  by  Condorcet,  Lavoificr,  and  De  Milly,  were  compofed  of  cottou  of  different  fizes  and  formsy 
namely,  round  and  flat,  according  to  the  ufe  they  were  intended  to  fcrve.  They  were  covered  wjth  a^ 
fat  fubftancc,  of  a  fmcll  not  difagreeable,  but  feebly  aromatic.  From  the  trials  of  thcfe  commilTarics  it  waa 
afcertaincd:  i.  That  they  afforded  a  clearer  flame,  with  lefs  undulation.  ».  That  ihey  confumcd  fomcwhat 
Icff  oil;  and  3,  That  they  poffeffcd  the  remarkable  property  of  affording  neither  fmijjl  nor  fmoke,  however- 
common  the  oil  made  ufe  of.  I  fmd  a  difficulty  refpcf^ing  thfife  experiments,  where  it  is  faid  that  the  flame  with 
the  prepared  wick  was  only  ten  lines  long,  and  very  fteady;  whilctbatof  the  unprepared  wick  of  comparison  wa»- 
four  inches  and  a  quarter  long,  of  a  conical  figure,  and  vibrated  much.  It  fecms  as  if  this  la(l  had  been  difad^ 
rnntagcoufly  trimmed^  or  too  much  raifcd,  in  order  to  have  produced  fuch  an  extravagant  flame.  It  foun 
blackened  a  fllvcrplatc  at  upwards  of  a  foot  diliance* 
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conftru£led  lamps  is  more  or  Icfs  liable  to  be  fpilled.  When  the  wick  of  a  lamp  i$  once 
adjuded  as  to  its  length,  the  flame  continues  nearly  in  the  fame  (late  for  a  very  confiderable 
time. 

It  is  almod  unneceflTury  to  dcfcribe  a  thing  fo  univerfally  known  as  a  candle.     This  ar- 
ticle is  formed  of  a  coniiftcnt  oil,  which  envelopes  a   porous  wick  of  fibrous  vegetable 
matter.     The  cylindrical  form  and  dimcnfions  of  the  oil  arc  given  either  by  calling  it  in  a 
mould,   or  by  repeatedly  dipping  the  wick  into  the  fufed  ingredient.     Upon  comparing 
a  candle  with  a  lamp,   two  very  remarkable  particulars  are  immediately   fcen.     In  the 
firll  place,  the  tallow  itfelf,  which  remains  in  the  unfufed  (late,  affords  a  cup  or  cavity  to 
hold  that  portion  of  melted  tallow  which  is  ready  to  flow  into  the  lighted  part  of  the  wick. 
In  the  fecond  place,  the  combuflion,  indead  of  being  confined,  as  in  the  lamp,  to  a  cer- 
tain determinate  portion  of  the  fibrous  matter,  is  carried,  by  a  flow  fucceflSon,  through  the 
whole  length.   Hence  arifes  the  greater  necefTity  for  frequent  fnuflfing  the  candle;  and  hence 
alfo  the  (lation  of  the  freezing  point  of  the  fat  oil  becomes  of  great  confequence.    For  it 
has  been  (hewn  that  the  brilliancy  of  the  flame  depends  very  much  on  the  diameter  of  the 
wick  being  as  fmall   as  polTible;  and   this  requiflte  will  be  mod  attainable  in  candles 
formed  of  a  material  tliat  requires  a  higher  degree  of  heat  to  fufe  it.     The  wick  of  a 
tallow  candle  mud  be  made  thicker  in  proportion  to  the  greater  fufibility  of  the  material^ 
which  would  otherwifc  melt  the  (ides  of  the  cup,  and  run  over  in  dreams.     The  flame 
will  therefore  be  yellow,  fmoky,  and  obfcure,   excepting  for  a  (hort  time  immediately 
after  fnuffing.    Tallow  melts  at  the  pad  degree  of  Fahrenheit's  thermometer ;  fpermaceti 
at  the  133d  degree;    the  fatty  matter   formed  of  flefh  after  long  immerfion  in  water 
melts  at  127°;  the^^Ai*of  the  Chinefc,  at  145**;  bees-wax  at   14a®;  and  bleached  wax 
at  I5S°.     Two  of  thefe  materials  are  well,  known  in  the  fabrication  of  candles.     Wax  in 
particular  does  not  afibrd  fo  brilliant  a  flame  as  tallow :  but,  on  account  of  its  lefs  fudbility, 
the  wick  can  be  made  fmaller ;  which  not  only  affords  the  advantage  of  a  clear  perfe£l  flame, 
but  from  its  flexibility  it  is  difpofed  to  turn  on  one  fide,  and  come  in  contaA  with  the  exter- 
nal air,  which  completely  burns  the  extremity  of  the  wick  to  white  a(hes,  and  thus  performs 
tlie  office  of  fnuffing.     We  fee,  therefore,  that  the  important  obje£l  to  fociety  of  rendering 
tallow  candles  equal  to  thofe  of  wax,  does  not  at  all  depend  on  the  combudibility  of  the  re- 
fpediive  materials,  but  upon  a  mechanical  advantage  in  the  cup,  which  is  aflForded  by  the  in* 
ferior  degree  of  fufibility  in  the  wax ;  and  that,  to  obtain  this  valuable  objefl,  one  of  the  fol- 
lojying  effe£bs  mud  be  produced :  Either  the  tallow  mud  be  burned  in  a  lamp,  to  avoid  the 
gradual  progreflion  of  the  flame  along  the  wick  ;  or  fome  means  mud  be  devifed  to  enable 
the  candle  to  fnuff  itfelf,  as  the  wax  candle  does;  or,  ladly,  the  tallow  itfelf  mud  be  ren- 
dered lefs  fu(ible  by  fome  chemical  procefs.     I  have  no  great  reafon  to  boad  of  fuccefs  in 
the  endeavour  to  efFefl  thefe  \  but  my  hope  is,  that  the  fa£ts  and  obfervations  here  pre- 
fented  may  confiderably  abridge  tlie  labour  of  others  in  the  fame  purfuit. 

The  makers  of  thermometers  and  other  fmall  articles  with  the  blow- pipe  and  lamp,  give  the 
preference  to  tallow  indeadof  oil,becaufe  its  combudion  is  more  complete,and  does  not  blacken 
the  gfafs.  In  this  operation,  the  heat  of  the  lamp  melts  the  tallow  which  is  occafionally  brought 
into  its  vicinity  by  the  workman,  fiut  for  the  ufual  purpofes  of  illumination,  it  cannot  be 
fuppofed  that  a  perfon  can  attend  to  fupply  the  combudible  matter.   Confiderable  difficulties 

*  Pearfon,  in  the  Philofophical  Tranfa6tions  for  1 794. 
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arife  in  the  projcsEt  for  affording  this  gradual  fupply  as  it  may  be  wanted.  A  cylindrical 
piece  of  tallow  was  infertcd  into  a  metallic  tube,  the  upper  aperture  of  which  was  partly 
clofed  by  a  ring,  and  the  central  part  occupied  by  a  metallic  piece  nearly  refcmbling  that 
part  of  the  common  lamp  which  carries  the  wick.  In  this  apparatus  the  piece  laft  defcribed 
was  intended  to  anfwer  the  fame  purpofe,  and  was  provided  with  a  (hort  wick.  The  cylin- 
der of  tallow  was  fupported  beneath  in  fuch  a  manner  that  the  metallic  tube  and  other  part 
of  this  lamp  were  left  to  reft  with  their  whole  weight  upon  the  tallow  at  the  ring  or  con- 
traftion  of  the  upper  aperture.  In  this  fituation  the  lamp  was  lighted.  It  burned  for 
fbmc  time  with  a  very  bright  clear  flame,  which,  when  compared  with  that  of  a  candle, 
poffefled  the  advantage  of  uniform  intenfity,  and  was  much  fuperior  to  the  ordinary  flame 
of  a  lamp  in  its  colour,  and  the  perfeft  abfencc  of  fm'ell.  After  fome  minutes  it  began  to 
decay,  and  very  foon  afterwards  went  out.  Upon  examination  it  was  found,  that  the  me- 
tallic piece  which  carried  the  wick  had  fufed  a  fuflicient  quantity  of  tallow  for  the  fupply 
during  the  combuftion  ;  that  part  of  this  tallow  had  flowed  beneath  the  ring,  and  to  other 
Tcmpte  parts  of  the  apparatus,  beyond  the  influence  of  the  tiame ;  in  confequence  of 
\rfiich,  the  tube,  and  the  cylinder  of  tallow  were  faftened  together,  and  the  cxpcded  pro- 
greflion  of  fupply  prevented.  It  fcems  probable,  that  in  every  lamp  for  burning  confident 
.  oils,  the  material  ought  to  be  fo  difpofed  that  it  may  defcend  to  the  flame  upon  the  principle 
of  the  fountain  refervoir.  I  fhall  notierc  ftate  the  obftacles  which  prefent  themfelves  in 
the  profpeft  of  this  conftruAion,  but  (hall  difmifs  the  fubjeft  by  remarking,  that  a  con- 
trivance of  this  nature  would  be  of  the  grcatcft  public  utility. 

The  wick  of  a  candle,  being  furrounded  by  the  flame,  is  nearly  in  the  fituation  of  a  body 
cxpofed  to  deftru£livc  diftillation  in  a  clofe  vcflel.  After  loGngits  volatile  produdis,  the  car- 
bonaceous refidue  retains  its  figure,  until,  by  the  defccnt  of  the  flame,  the  external  air  can 
have  accefs  to  its  upper  extremity.  But,  in  this  cafe,  the  requifite  combuftion,  which 
might  fnufFit,  is  not  cflifefted.  For  the  portion  of  oil  emitted  by  the  long  wick  is  not  only 
too  large'  to  be  perfedly  burned,  but  alfo  carries  off  much  of  the  heat  of  the  flame  while 
it  afiumes  the  elaftic  ftate.  By  this  diminiflied  combuftion  and  increafed-  efilux  of  half- 
decompofed  oil,  a  portion  of  coal  or  foot  is  depofited  on  the  upper  part  of  the  wick,  which 
jgradually  accumulates,  and  at  length  aflumes  the  appearance  of  a  fungus.  The  candle  does 
not  then  give  more  than  one-tenth  of  the  light  emitted  in  its  bcft  ftate.  Hence  it  is  that 
a  candle  of  tallow  cannot  fpontaneoufly  fnuflP  itfelf.  It  was  not  probable  that  the  ad- 
dition of  a  fubftance  containing  vital  air  or  oxygcne  would  fupply  that  principle  at  the 
^  precife  period  of  time  required ;  but,  as  experiment  is  the  teft  of  every  probability  of 
this  nature,  I  foaked  a  wick  of  cotton  in  a  folution  of  nitre,  then  dried  it,  and  made  a 
candle.  When  this  came  to  be  lighted,  nothing  remarkable  happened  for  a  fliort  time ;  at 
the  expiration  of  which  a  decrepitation  followed  at  the  lower  extremity  of  the  flame,  v^hich 
completely  divided  the  wick  where  the  blackened  part  commences.  The  whole  of  the 
matter  in  combuftion  therefore  fell  off,  and  the  candle  was  of  courfc  inftantly  extinguiOied. 
Whether  this  would  have  happened  in  all  proportions  of  the  fait  or  conftruAions  of  the  candle 
I  did  not  try,  becaufe  the  fmell  of  azote  was  fufficiently  ftrong  and  unpleafant  to  forbid  the 
ufe  of  nitre  in  the  purfuit.  From  various  confiderations  I  am  difpofed  to  think  that  the 
fpontaneous  fnuIEng  of  candles  made  of  tallow,  or  other  fufible  materials,  will  fcarcely  be 
eflfeded  but  by  the  difcovery  of  fome  material  for  the  wick  which  fliall  be  Yolyminotis 

enough 
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enough'  to  abforb  the  tallowi  and  at  the  fame  time  fufficiently  flexible  to  bend  on  one 
fide. 

The  moft  promifing  fpeculation  refpefling  this  mod  ufeful  articlei  feems  to  dire£l  itfelf 
to  the  cup  which  contains  the  melted  tallow.  The  imperfe£lion  of  this  part  has  alreadj 
been  noticed,  namely,  that  it  breaks  down  by  fufion,  and  fuffers  its  fluid  contents  to  efcape. 
The  Chinefe  have  a  kind  of  candle  about  half  an  inch  in  diameter,  which,  in  the  harbour 
«f  Canton,  is  called  a  kbchock  ;  but  whether  the  name  be  Chinefe,  or  the  corruption  of  fome 
European  word,  I  am  ignorant.  The  wick  is  of  cotton,  wrapped  round  a  fmall  (tick  or 
match  of  the  bamboo  cane.  The  body  of  the  candle  is  white  tallow ;  but  the  external 
part  to  the  thicknefs  of  perhaps  one-thirtieth  of  an  inch,  confifts  of  a  waxy  matter 
coloured  red.  This  covering  gives  a  confiderable  degree  of  folidity  to  the  candle,  and  pre- 
vents its  guttering,  becaufe  Icfs  fufible  than  the  tallow  itfelf.  I  did  not  obferve  that  the 
ftick  in  the  middle  was  either  advantageous  or  the  contrary  j  and,  as  I  now  write  from  the 
recolleftion  of  this  obje£l  at  fo,  remote  a  period  as  twenty-five  years  ago,  I  can  only  con- 
jecture that  it  might  be  of  advantage  in  throwing  up  a  lefs  quantity  of  oil  into  the  flame  than 
would  have  been  conveyed  by  a  wick  of  cotton  fufficiently  (tout  to  have  occupied  its  place 
unfupported  in  the  axis  of  the  candle. 

Many  years  ago  I  made  a  candle  in  imitation  of  the  lobchock.  The  expedient  to  which 
1  had  recourfe  confided  in  adapting  the  wick  in  the  ufual  pewter  mould :  wax  was  then 
poured  in,  and  immediately  afterwards  poured  out :  the  film  of  wax  which  adhered  to  the 
inner  furface  of  the  mould  foon  became  cool ;  and  the  candle  was  completed  by  filling 
the  mould  with  tallow.  When  it  was  drawn  out,  it  was  found  to  be  cracked  longitudi- 
nally on  its  furface,  which  I  attributed  to  the  contraction  of  the  wax,  by  cooling,  being 
greater  than  that  of  the  tallow.  At  prefent  I  think  it  equally  probable  that  the  cracking 
might  have  been  occafioned  by  too  fudden  cooling  of  the  wax  before  the  tallow  was  pourdd 
in  \  but  other  avocation^  prevented  the  experiments  from  being  varied  and  repeated.  It  is 
probable  that  the  Chinefe  external  coating  may  not  be  formed  of  pure  hard  bleached  wax. 

But  the  moft  decifive  rerfiedy  for  the  imperfeCtion  of  this  cheapefl,  and  in  other  refpeCts 
bed  material  for  candles,  would  undoubtedly  be  to  diminifli  its  fufibility.  Various  fub- 
dances  may  be  combined  with  tallow,  either  in  the  direct  or  indirect  method.  In  the 
latter  way,  by  the  decompofition  of  foap,  a  number  of  experiments  were  made  by  Ber-  < 
thoUet,  of  which  an  account  is  inferted  in  the  Memoirs  of  the  Academy  at  Paris  fbr  the 
year  1 780,  and  copied  into  the  26th  volume  of  the  Journal  de  Phyfique.  None  of  thefe  point 
directly  to  the  prefent  obje£t-,  befides  which,  it  is  probable  that  the  (bap  made nfe  of 
by  that  eminent  chemid  was  formed  not  of  tallow,  but  oil.  I  iam  not  aware  of  any 
regular  feries  of  experiments  concerning  the  mutual  a£tion  of  fat  oils  and  other  chemical 
agents,  more  'efpecially  fuch  as  may  be  diredted  to  this  important  obje£t  of  dimini(hing  its 
folubility^  for  which  reafon  I  (hall  mention  a  few  experiments  made  with  this  view* 

I.  Tallow  was  melted  in  a  fmall  filver  veffel.  Solid  tallow  finks  ia  the  fluid,  and  difTolves 
without  any  remarkable  appearance.  2.  Gum  fandarach  in  tears  was  not  diflblved,  but 
emitted  bubbles,  fwelled  up,  became  brown,  emitted  fumes,  and  became  crifp  or  friable. 
No  folution  nor  improvement  of  the  tallow.  3.  Shell-lac  fwelled  up  with  bubbles,  and 
was  more  perfe£tly  fufed  than  the  gum  fandarach  in  the  former  experiment.  When  the 
lallow  was  poured  ofi>  it  was  thought  to  congeal  rather  more  fpccdily.    The  lac  did  not 

appear  - 
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appeaf  to  be  altered.  4.  Benzoin  bubbled  without  much  fwelling,  was  fufed,  and  emitted 
fumes  of  an  agreeable  fmell,  though  not  refeMbling  the  flowers  of  benzoin.  A  flight  or 
partial  folution  feemed  to  take  place.  The  benzoin  was  fofter  and  of  a  darker  colour  than 
before,  and  the  tallow  lefs  confident.  5.  Common  refin  unites  very  readily  with  melted 
tallow,  and  forms  a  more  fuGble  compound  than  the  tallow  itfelf.  6.  Camphor  melts 
cafily  in  tallow,  without  altering  its  appearance.  When  the  tallow  is  near  boiling,  cam- 
phoric fumes  fly  off.  The  compound  appeared  more  fufible  than  tallow,  7.  The  acid  or 
flowers  of  benzoin  diffolves  in  great  quantities  without  any  ebullition  or  commotion. 
Much  fmoke  arifes  from  the  compound,  which  does  not  fmell  like  the  acid  of  benzoin. 
Tallow  alone  does  not  fume  at  a  low  heat,  though  it  emits  a  fmell  fomething  Uke  that 
of  oil-olive.  When  the  proportion  of  the  acid  was  confiderable,  fmall  needled  cryftals 
appeared  as  the  temperature  diminiflied.  The  appearances  of  feparation  are  different  ac- 
cording to  the  quantity  of  acid.  The  Compound  has  the  hardnefs  and  confidence  of  firm 
foap,  and  is  partially  tranfparent.  8.  Vitriolated  tartar,  nitre,  white  fugar,  cream  of  tartar, 
crydallized  borax,  and  the  fait  fold  in  the  markets  under  the  name  of  fait  of  lemons,  but 
which  is  fuppofed  to  be  the  eflential  fait  of  forrel,  or  vegetable  alkali  fuperfaturated  with 
acid  of  fugar,  were  refpe£lively  tried  without  any  obvious  mutual  a£lion  or  change  of  pro- 
perties in  the  tallow.  9.  Calcined  magnefia  rendered  tallow  opake  and  turbid,  but  did  not 
feem  to  diffolve.     Its  effect  refembled  that  of  lime. 

It  is  propofed  to  try  the  oxigenated  acetqus  acid,  or  radical  vinegar ;  the  acid  of  ants,  of 
fugar,  of  borax,  of  galls,  the  tanning  principle,  the  ferous  and  gelatinous  animal  matter, 
the  fecula  of  vegetables,  vegetable  gluten,  bird-lime,  and  other  principles,  either  by  A\xt6t 
or  indireA  application.  The  obje£):,  in  a  commercial  point  of  view,  is  entitled  to  an  extenfive 
and  afliduous  invedigation.  Cheraids  in  general  fuppofe  the  hardnefs  or  lefsfufibility  of  wax 
to  arife  from  oxigen,  and  to  this  objeS  it  may  perhaps  be  advantageous  to  dired  a  certain 
portion  of  the  enquiry.  The  metallic  falts  and  calces  are  the  combinations  from  which 
this  principle  is  mod  commonly  obtained ;  but  the  combinations  of  thefe  with  fat  oils  have 
hitherto  afforded  little  promifc  of  the  improvement  here  fought.  The  fubjeft  is  how- 
ever fo  little  known,  that  experiments  of  the  loofed  and  mod  conje£tural  kind  are  by  no 
means  to  be  defpifed. 


IV. 

A  Memoir  upon  the  Difcovery  of  America  *.     By  AL  Otto. 

±T  has  always  been  looked  upon  as  a  piece  of  injudice,  not  to  have  gi?en  the  name  of 

Columbus  to  tliat,  valuable  part  of  the  world  which  he  difcovered  ^  and  that  Americanus 

Vefpucius,  who  did  nothing  but  follow  his  footfteps,  has  had  the  good  fortune  of  having, 

his  name  banded  down  to  the  mod  didant  poderity,  to  the  prejudice  of  his  predeceffor. 

What  then  will  be  faid,  if  it  (hall  be  proved  that  neither  of  thofe  celebrated  navigators 

was  the  fird  difcoverer  of  this  immenfe  country ;  and  that  this  honpur  belongs  to  a  man 

fcarcely  known  in  the  republic  of  letters  ?  This,  however,  is  what  I  (hall  attempt  in  the 

following  paper ;  and  if  the  obfcurity  of  cotemporary  writers,  and  the  diftance  of  tin\p,  do 

not  afford  arguments  fufficient  ...for  an  abfolute  demondration,  there  will,  however,  be 

enough  to  call  in  quedion  the  pretcnfions  of  Chridopher  Columbus. 

'*  From  the  American  Tran&^lion*,  Vul.  II.  in  French  and  finglifli.  The  former  appean  to  be  the  origlnaL; 
for  which  reafon  I  liave  compared  ihis  wiih  it,  and  corre£ied  fevcral  paiTagcs. 

Vol.  L— May  1797.  L  I  (hall 
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1  (hall  not  here  enter  into  an  examination  of  the  reveries  of  fome  liiftorians,  on  die  voyages 
of  the  Carthaginians,  the  Atlantis  of  Plato,  the  bold  expedition  of  Mador  Prince  of  VVales, 
and  fon  of  Owen  Guinnedd,  of  which  Hakluyt  has  prefervcd  fome  account,  nor  on  the 
voyages  of  Bacchus,  or  tlie  land  Ophir  of  Solomon.  Conjedures  of  this  kind,  whether  true 
or  falfe,  cannot  leffen  the  glory  of  Columbus,  were  there  not  proof  that  he  received,  juft. before 
his  expedition,  the  charts  and  journal  of  a  learned  aftrbnomer  who  had  been  in  America. 

Garcilaflb  de  la  Vega,  born  at  Cufco  in  i'eru,  has  given  us  an  hiftory  of  his  country,  in 
which,  to  take  from  Columbus  the  merit  of  the  difcovery  of  America,  and  to  give  the 
honour  of  it  to  the  Spaniards,  he  afTures  us,  that  this  navigator  had  been  informed  of  the 
cxiftence  of  another  continent  by  Alonzo  Sanchez  de  Huelva,  who,  in  his  voyage  to  the 
Canaries,  had  been  driven  by  a  gale  of  wind  to  the  Antilles;  but  that  his  chief  information 
was  procured  from  a  celebrated  geographer  of  the  name  of  Martin  Behenira.  Garcilaflb 
fays  nothing  more  of  tliis  Behenira :  and  fince  we  know  of  no  Spanifli  geographer  of 
this  name,  GarcilaiTo  has  been  fufpe£led  of  making  a  facrifice  of  truth  to  the  defire  of 
wrefting  from  a  Genoefe  the  glory  of  difcovering  the  New  World. 

On  looking  over  with  attention  a  lift  of  all  the  learned  men  of  the  fifteenth  century,  I 
find  the  name  of  Martin  Behem,  a  famous  geographer  and  navigator.  The  chriftian  name 
is  the  fame  with  that  mentioned  by  Garcilaflb,  and  I  find  that  the  fyllables  ira  added  to  his 
name  are  owing  to  a  particular  circumftance,  namely,  the  honour  conferred  on  him  by 
John  II.  King  of  Portugal.  It  is  then  poflible  that  this  Martin  Behem  is  the  fame  perfon 
as  Martin  Behenira  mentioned  by  Garcilaflb  \  but  this  vague  conje£lure  will  receive  the 
ftamp  of  truth  by  the  following  detail : 

The  literary  hiftory  of  Germany  gives  an  account'of  a  Martin  Behem,  Beheim  or  Behin,who 
.was  born  at  Nurenberg,  an  Imperial  city  of  the  circle  of  Franconia,  of  a  noble  family,  fome 
branches  of  which  are  yet  extant.  He  was  much  addidled  to  the  ftudy  of  geography,  aftronomy, 
and  navigation  from  his  infancy.  At  a  more  mature  age,  he  often  thought  .on  the  poflibility 
of  the  exiftence  of  the  Antipodes,  and  of  a  vseftern  continent..  Filled  with  this  great  idea, 
he  paid  a  vifit  in  1459  ^^  Ifabella,  daughter  of  John  I.  King  of  Portugal,  and  Regent  of 
the  duchy  of  Burgundy  and  Flanders.  vHaving  informed  her  of  his  deCgns,  he  procured  a 
yeflel,  in  which  he  made  the  difcovery  of  the  ifland  of  Fayal  in  1460.  He  there  eftabliflied  a 
colony  of  Flemings,  whofe  defcendants  yet  exift  in  the  Azores,  which  were  for  fome  time 
called  the  Flemifli  Iflands.  This  circumftance  is  proved,  not  only  by  the  writings  of  cotem- 
porary  authors,  but  alfo  by  the  manufcripts  preferved  in  the  records  of  Nurenberg,  from  the 
Latin  of  which  the  following  is  tranflated :  *<  Martin  Behem  tendered  his  fervices  to  the 
daughter  of  John  King  of  LuHtania,  who  reigned  after  the  death  of  Philip  of  Burgundy^ 
furnamed  th6  Good ;  and  from  her  procured  a  fliip,  by  means  of  which,  having  failed 
beyond  all  the  then  known  limits  of  the  Weftern  Ocean,  he  was  the  firft  who  in  the 
memory  of  man  difcovered  the  ifland  of  Fayal,  abounding  with  beech  trees,  which  the 
people  of  Lufltania  call  Faye ;  whence  it  derived  its  name.  After  this  he  difcovered  the 
neighbouring  iflands,  called  by  one  general  name,  the  Azores,  from  the  multitude  of  hawks 
which  build  their  nefts  there  (for  the  Lufitanians  ufe  this  term  for  hawks,  and  the  French 
too  ufe  the  word  eflbs  or  efores  in  their  purfuit  of  this  game) ;  and  left  colonies  of  the 
Flemifli  on  them,  when  they  began  to  be  called  Flemifli  Iflands,  &c."  Ahhough  this  record 
is  contrary  to  the  generally  received  opinion  that  the  Azores  were  difcovered  by  Gonfalva 
Velhoy  a  Portuguefe,  yet  its  authenticity  cannot  be  doubted :  it  is  confirmed  by  feveral  co- 

temporary 
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temporary  writers,  and  cfpecially  by  Wagcnfcil,  one  of  the  moft  learned  men  of  the  laft 
century;  who,  after  having  travelled  into  Africa,  and  throughout  all  Europe,  was  made 
Doftor  of  Laws  at  Orleans,  and  ehofen  Fellow  of  the  Academies  of  Turin  and  Padua,  al- 
though he  was  a  German  by  birth.  The  particulars  are  to  be  found  in  his  Univerfal 
Hiftory  and  Geography.  I  have  moreover  received  from  the  records  of  Nurcnberg  a  note 
written  in  German,  on  parchment,  which  contains  the  following  fa£ts  :  **  Martin  Beham, 
Efquire,  fon  of  Mr.  Martin  Beham,  of  Scoperin,  lived  in  the  reign  of  John  II.  King  of 
Portugal,  in  an  ifland  which  he  difcovered,  and  called  the  Ifland  of  Fayal,  one  of  the 
Azores,  lying  in  the  Weftern  Ocean." 

After  having  obtained  from  the  Regent  Ifabella  a  grant  of  Fayal,  and  refided  there  about 
twenty  years,  during  which  time  he  was  bufied  in  making  frefti  difcoveries  in  geography,  by 
fmall  excurfions  which  need  not  be  mentioned,  Behem  applied  in  1484  (which  was  eight 
years  before  Columbus's  expedition)  to  John  II.  King  of  Portugal,  to  procure  the  means  of 
undertaking  a  great  expedition  towards  the  fouth-weit.  This  prince  gave  him  fome  fliips, 
with  which  he  difcovered  that  part  9^  America  which  is  now  called  Brazil ;  and  he  even 
failed  to  the  Straits  of  Magellan,  or  to  the  country  of  fome  favage  tribes  whom  he  called 
Patagonians,  from  the  extremities  of  their  bodies  being  covered  with  a  (kin  more  like  a 
bear's  paws  than  human  hands  and  feet.  This  fa£b  is  proved  by  authentic  records,  pre- 
ferved  in  the  archives  of  Nurenberg,  one  of  which  in  particular  deferves  attention :  **  Martin 
Behem,  traverfing  the  Atlantic  Ocean  for  feveral  years,  examined  the  American  iflands,  and 
difcovered  the  Strait  which  bears  the  name  of  Magellan,  before  either  Chriftopher  Columbus 
or  Magellan  failed  thofe  feas  *,  whence  he  mathematically  delineated  on  a  geographical  charts 
for  the  King  of  Lufitania,  the  fituation  of  the  coaft  around  every  part  of  that  famous  and 
renowned  Strait  long  before  Magellan  thought  of  his  expedition.''  This  afTertion  is  fupported 
by  Behem's  own  letters,  written  in  German,  and  preferved  in  the  archives  of  Nurenberg,  in  a 
book  which  contains  the  birth  and  illuftrious  aftions  of  the  nobility  of  that  city.  Thefe  letters 
are  dated  in  i486,  tliat  is,  fix  years  before  the  expedition  of  Columbus.  This  wonderful  dif^ 
covery  has  not  efcapcd  the  notice  of  cotemporary  writers.  The  following  paflage  is  tranflated 
from  the  Latin  chronicle  of  Hartman  Schedl :  **  In  the  year  1485,  John  11.  King  of  Portugal, 
a  man  of  a  magnanimous  fpirit,  furniflied  fome  galleys  with  provifions,  and  fent  them 'to 
the  fouthward,  beyond  the  Straits  of  Gibraltar.  He  gave  the  command  of  this  fquadron 
to  James  Canus,  a  Portuguefe,  and  Martin  Behem,  a  German  of  Nurenberg  in  Upper 
Germany,  defcended  of  the  fiimily  of  Bonna:  a  man  very  well  acquainted  with  the  fituation 
of  the  globe ;  blcflcd  with  a  oonflitution  able  to  bear  the  fatigues  of  the  fea  ;  and  who,  bj; 
a6)!ual  experiments  and  long  failing,  had  made  himfelf  perfeftly  mailer  with  regard  to  the 
longitudes  and  latitudes  of  Ptolemy  in  the  weft.  Thefe  two,  by  the  bounty  of  Heaven, 
coafting  along  the  Southern  Ocean,  and  haviug  eroded  the  Equator,  got  into  the  other 
hemifphere,  where,  facing  to  the  eaftward,  their  fliadows  projected  towards  the  foutli 
and  right  hand.  Thus,  by  their  induftry,  they  have  opened  to  us  another  world, 
hitherto  unknown,  and  for  many  years  attempted  by  none  but  the  Genoefe,  and  by 
them  in  vain.  Having  finifhed  this  cruifc  in  the  fpace  of  twenty-fix  months,  they  returned 
to  Portugal  with  the  lofs  of  many  of  their  feamen  by  the  violence  of  the  climate.'* 

This  paflage  becomes  more  intercfting  from  being  quoted  in  a  book  on  the  ft  ate  of 
Europe  during  the  reign  of  the  Emperor  Frederick  III.  by  the  learned  hiftorian  ^neas 
Sylvius^  afterwards  Pope  Pius  II..  This  hiftorian  died  before  the  difcoveries  of  Behem  were' 
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made.}  but  the  pubiiflicrt  of  his  works  thought  the  paflagc  in  Hurtman  Schedl  fo  importsnt, 
that  they  inferted  it  in  the  hiftory*  We  alfo  find  the  following  particulars  in  the  remarks  made 
by  Fetrus  Mateus  on  the  canon  law,  two  years  before  the  expedition  of  Columbus :  **  Prima 
navigatione/j  (5*^.— The  firft  Chriftian  voyages  to  th&newly  difcovered  iflands  became  frequent 
under  the  reign  of  Henry,  fon  of  John,  King  pf  Lufitania.  After  his  death  Alphonfus  V.  pro« 
fecuted  the  defign;  and  John,  who  fucceeded  him,  followed  the  plan  of  Alphonfus,  by  the  a£> 
fiftance  of  Martin  Bohem,  a  very  (kilfui  navigator ;  fo  that  in  a  (hbrt  time  the  name  of  Lufi* 
tanla  became  famous  over  the  whole  world."    Cellarius,  one  of  the  moft  learned  men  of  his 
age,  fays  exprefsly,  **  Behaimeus  fion  modo^  £5*r. — Boehm  did  not  think  it  enough  to  furvcy  the 
ifland  of  Fayal,  which  he  firft  difcovered,  or  the  other  adjacent  iflands  which  the  Lufi- 
tanians  call  Azores,   and  we,  after  the  example  of  Boehm's  companions,  call  Flemifli 
iflands,  but  advanced  ftill  farther  and  farther  fouth,  until  he  arrived  at  the  remoteft  (trait, 
through  which,  Ferdinai^d  Magellan,  following  hi^  track,  afterwards  failed^  and  called  it 
after  his  own  name."     All  thefe  quotations,  which  cannot  he  thought  tedious,  fince  they 
{erve  to  prove  a  fa£):  aJmoft  unknown,  feem  to  demonftrate,  that  the  firft  difcovery  of 
America  is  due  to  the  Portuguefe,  and  not  to  the  Spaniards ;  and  that  the  chief  merit 
belongs  to  a  German  aftronomer.    The  expedition  of  Ferdinand  Magellan,  which  did  not 
take  place  before  the  year   15 19,  arofe  from  the  following  fortunate  circumftance :  This 
perfon,  being  in  the  apartment  of  the  King  of  Portugal,  faw  there  a  chart  of  the  coaft  of 
America,  drawn  by  Behem,  and  at  once  conceived  the  bold  proje£l  of  following  the  fteps 
of  this  great  navigator.     Jerome  Benzon,  who  publiflied  a  defcription  of  America  in  1550, 
fpeaks  of  this  chart}  a  copy  of  which,  fent  by  Behem  himfelf,  is  preferved  in  the  archives  of 
Nurenberg.    The  celebrated  aftronomer  Riccioli,  though  an  Italian,  yet  does  not  feem 
willing  to  give  his  countryman  the  honour  of  this  important  difcovery.     In  his  Geographisi 
Reformata,  book  iii.  p.  90,  he  fays,  **  Chriftopher  Columbus  never  thought  of*  an  ex- 
pedition to  the  Weft  Indies  until  his  arrival  in  the  ifland  of  Madeira,  where,   amufing 
himfelf  in  forming  and  delineating   geographical   charts,  he  obtained  information  from 
Martin  Beehm,  or,  as  the  Spaniards  fay,  from  Alphonfus  Sanchez  de  Huelva,  a  pilots 
who  had  chanced  to   fall  in  with  the  ifland   afterwards  called  Dominica.''      And    ia 
another  place :  **  Let  Bcehm  and  Columbus  have  each  their  praife ;  they  were  both  ex- 
cellent navigators  \  but  Columbus  would  never  have  thought  of  his  expedition  to  America^ 
tiad  not  Boehm  gone  there  before  him.    His  name  is  not  fo  much  celebrated  as  that  of 
Columbus,  Americus,  or  Magellan,  although  he  is  fuperior  to  them  all.'' 

But  the  moft  pofitive  proof  of  the  great  fervices  rendered  to  the  crown  of  Portugal  by 
Behem,  is  the  recompenfe  beftowed  pn  him  by  King  John,  who  in  1485  knighted  him 
in  the  moft  folemn  manner,  in  the  preience  of  all  his  court.  I  have  before  me  a  German 
paper,  extracted  from  the  archives  of  Nurenberg,  to  the  following  purport :  ^'  In  the  year 
1 4^5}  on  the  i8th  of  February,  in  Portugal,  in  the  city  of  AUafavas,  and  in  the  church  of 
St.  Salvador,  after  the  mafs,  Martin  Behem  of  Nurenberg  was  made  a  knight,  by  the 
hands  of  the  moft^puiflTant  Lord  John^  the  Second,  King  of  Portugal,  Algarve,  Africa,  and 
Guinea ;  and  his  chief  Squire  was  the  King  himfelf,  who  put  the  fword  in  his  belt ;  and 
.  the  Duke  oFBegia  was  his  fecond  Squire,  who  put  on  his  right  fpur;  and  his  third  Sqmre 
was  Count  Chr^ftopher  de  Mela,  the  King's  .coufin,  who  put  on  his  left  fpur ;  and  his ' 
£ourth  Squire  was  Count  Martini  Marbarinis,  who  put  on  his  iron  helmet  y  and  the  King 
hUnlelf  gave  him  the  blow  on  the  Ihoulder  *,  which  waa  done  in  the  prefence  of  all  the 

princes. 
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fiitktt%^  loWlsy  and  knights  of  the^ldngdom  \  and  he  efpoufed  the  danghter  of  a  great  lord,. 

in  confideration  of  the  imfwrtant  fewscet  he  had  performed ;  and  he  was  made   gorer- 

nor  of  the  ifland  of  FaTal."    Thefe  marks  of  diftin^lion,  conferred  on  a  ftranger,  could 

not  be  meant  as  a  recompenie  for  die  difcovery  of  the  Azores,  which  was  made  twenty 

years  beforej  but  as  a  reward  for  the  difcovery  of  Congo,  from  whence  the  Chevalier 

Beherit  had  brought  gold  and  difierent  kinds  of  precious  wares*    This  difcovery  m'iuie  much 

greater  imprcffion  than  that  of  a  weftem  world,  made  at  the  fame  time,  but  which  neither  . 

increafed  the  wealth  of  the  royal  treafury,  nor  fatisfied  the  avarice  of  the  merchants. 

In  1492  the  Chevalier  Behem,  frowned  with  honours  ahd  riches,  undertook  a  journey 

to  Nurenberg,  to  viGt  his  native  country  and  his  family.    He  there  made  a  terreftrial 

globe,  which  is  looked  on  as  a  mafter-pieee  for  that  time,  and  which  is  ftill  preferved  in 

the  library  of  that  city.  The  outline  of  his  difcoveries  may  there  be  feen,  under  the  name'of 

weftern  lands  ;  and  from  their  fituation  it  cannot  be  doubted  that  they  are  the  prefent^ 

Coafts  of  Brazil,  and  the  environs  of  the  Straits  of  Magellan.     This  globe  was  made  ia 

the  fame  year  that  Columbus  fet  out  on  his  expedition ;  therefore  it  is  impoflible  that 

Behem  could  have  profited  by  the  works  of  this  navigator,  who  befides  went  a  much  more 

northerly  courfe* 

[To  be  concluded  in  the  next  Number.'} 


V. 

Anal^ts  of  the  Oriental  Lapis  Lazuli  *.     By  M*  KlapROTH* 

JL  HE  analyCs  of  lapis  lazuli  made  by  Margraff  has  (hewn  that  the  blue  colour  of  this 
Ih^ne  is  not  owing  to  cop^ier,  as  has  commonly  been  thought,  but  that  it  arifes  from  iron* 
But  as  we  have  not  hitherto  poflefled  9ny  accurate  analyfis  of  this  ftone,  I  Jiave  thonght  it 
might  be  ufeful  to  examine  it  anew.  In  fa£k,  MargraflF  informs  us,  that  lime,  gypfum,  and 
iilex,  together  with  iron,  are  its  component  parts ;  but  he  does  not  determine  their  propor* 
tions ;  and  Kis  analyfis  is  incomplete,  as  he  does  not  mention  the  alumine  which  t^s  f^one 
alio  contains. 

Accoriiing  to  Rinmann,  the  lapis  lazuli  contains  lime,  quartz,  iron,  and  the  acid  of  flttor» 
I  have  not  found  the  latter ;  and  it  is  probable  that  Rinmann's  opinion  was  grounded  upon 
the  phofphorefcence  of  this  ftone  when  it  is  heated. 

Cronftedt  and  fome  others  have  affirmed  that  the  lapis  contains  a  quantity  of  filver,  after 
the  rate  of  two  ounces  per  quintal.  But  my  eflTays  have  afforded  no  certain  Liu&catioa  of 
the  prefence  of  this  metal. 

I  Cde&ed  for  experiment  a  fpecies  of  the  lapis  of  a  beautifu!  deep  Uue  colour,  and  care- 
fully feparated  the  white  and  pyritous  fpecks. 

A,  One  hundred  parts  of  lapis  lazuli  in  thin  flakes  were  kept  in  a  ftate  of  ignition  for 
half  an  hour  in  a  porcelain  crucible.  They  loft  two  parts  of  their  weight ;  the  colour  was 
not  at  all  changed.  This  permanence  at  a  great  heat  induced  me  to  think  that  the  ftone 
might  be  of  advantage  in  enamelling  j  to  which  opinion  I  was  the  more  inclined,  from. 

"^  From  the  Annalet  de  Chimie,  XXI.  150,  The  FrsBch  tnuia^tioii  it  in^^e  from  the  German,  by  Citizen 
TalTaertj  but  whence  taken  is  not  faid* 

Bergmann 
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Bergmann  halving  prefumed  that  the  Chlnefe  and  Japanefe  makeHire  of  it  for  the  bloc 
colour  of  thoir  porcelain  ^.  To  afcertain  the  truth,  I  mixed  fome  of  the  very  fine  powder 
of  lapis  lazuli  with  a  proper  flux,  and  difpofed  it  upon  porcelain,  which  I  afterwards  placed 
in  the  enamcller's  furnace.  My  expeflations  were  not  realifed,  for  the  colour  changed  to 
a  blueifii  grey. 

B.  By  expofure  to  a  more  violent  (ire  the  lapis  "Was  deprived  of  twelve  centenaries  of 
its  weight,  and  was  vitrified.  I  apprehend  that  the  two  parts  loft  by  the  firll  ignition  con- 
fided merely  of  water,  and  that  the  additional  ten  in  the  fecond  eflfay  confided  for  the  mod 
part  of  carbonic  acid.  This  opinion  is  fupported  by  the  eflervefcence  of  the  (lone,  which 
takes  place  when  an  acid  is  poured  upon  it,  and  indicates,  though  very  feebly,  that  part 
of  the  calcareous  earth  is  united  to  carbonic  acid. 

C.  Upon  two  hundred  grains  of  the  lapis  in  impalpable  powder  I  poured  muriatic  acid 
^liluted  with  an  equal  meafure  of  water  (etendu  de  moitie  eau),  and  digeded  the  whole 
together  by  a  progreflive  heat.  The  colour  became  gradually  changed  to  a  grey  afh-colour  s 
and  when  the  ebullition  commenced  the  powder  was  more  drongly  attacked,  and  at  length 
became  converted  into  a  thick  jelly.  This,  was  diluted  with  water ;  after  which  nitric  acid 
was  added,  and  the  whole  boiled  until  the  refidue  had  become  wliite.  The  filtered  folution 
was  of  a  pale  yellow  colour. 

D.  The  product  which  remained  upon  the  filter  had  the  appearance  of  fand,  and  weighed 
one  hundred  and  thirty-eight  grains.  When  this  was  mixed  with  three  parts  of  caudic 
pot-a(h,  and  ignited,  it  afforded  a  greenidi  mafs.  The  folution  of  the  mafs  in  water 
was  perfeflly  colourlefs.  By  an  excefs  of  muriatic  acid  I  feparated  the  fiiex,  which  after 
ignition  weighed  57  grains.  •  ^ 

£.  The  folutions  C  and  D,  decompofed  by  the  carbonate  of  pot-afli,  afibrded  a  yellow 
white  precipitate,  which,  when  dried^  amounted  to  221  grains,  and  was  re-diflblved  in  tho 
muriatic  acid« 

F.  Ammoniac  feparated  from  the  folution  E  a  gelatinous  precipitate.  This  was  thrown 
ftill  wet  into  a  caudic  lixivium,  in  which  I  digeded  it.  It  was  not  totally  difiblved,  but  left 
a  yellowifli  refidue  weighing  113  grains. 

G.  The  fluid  which  remained  after  the  precipitation  by  ammoniac  was  treated  with  car- 
bonate of  pot-aOi,  and  aflbrded  59  grains  of  the  carbonate  of  lime. 

H.  Upon  the  113  grains  which  were  infoluble  in  the  caudic  pot-a(h,  I  poured  fulphuric 
acid  diluted  with  water.  This  mixture,  after  having  been  heated,  aflTumed  the  form  of  a 
jelly.  It  was  diluted  with  a  large  quantity  of  water,  and  aflFbrded  a  precipitate  of  filex  which 
after  ignition  weighed  29  grains. 

L  After  the  feparation  of  the  filex  I  poured  ammoniac  into  tlie  folution.  The  precipitate, 
ftill  humid,  being  mixed  with  a  caudic  lixivium,  depofi ted  brown  flocks  in  tlie  liquor,  which 
when  dry  weighed  13  grains.  I  djflblved  thefe  in  the  muriatic  acid;  and  this  folution 
treated  with  ammoniac  let  fall  the  oxide  of  iron,  which  after  ignition  weighed  fix  grains. 
The  carbonate  of  ammoniac  like  wife  precipitated  five  grains  of  calcareous  earth. 

K.  The  folutions  F  and  I  by  the  caudic  alkalis  were  treated  with  the  muriatic  acid.  The 

•  Opufculcs  Phyfiqucs  ct  Chymiqiics  dc  Bergmann,  Vol.  IV.  page  32.  From  the  good  quality  of  the  cobalt 
at  prclcnt  ufed  for  this  purpoft:  in  England  and  clfcwhcrc,  there  is  no  rcafon  to  think  that  any  otlier  material  U 
ulcd  for  full  deep  blues  in  tlie  Eaft.     N. 

precipitate 
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precipitate  which  was  formed  and  re-diflblved  by  ei^cefs  of  acidi  and  afterwards  formed 
again  by  carbonate  of  pot*a(h^  was  difTolved  again  by  fulphuric  acid.  A  new  precipitate  o£ 
Clcx  was  thus  obtained,  which  after  ignition  weighed  fix  grains.  The  filex  was  feparated, 
and  pot-afh  being  then  added,  cryftals  of  alum  were  obtained.  Thefe  were  diflblvcd  in 
water,  and  the  alumine,  after  precipitation,  drying,  and  ignition,  weighed  29  grains. 

L.  I  had  afcertained  by  a  previous  experimentj  that  all  the  calcareous  earth  contained  in 
the  lapis  was  not  faturated  by  the  carbonic  acid,  but  that  part  was  combined  with  the 
fulphuric  acid.~  I  had  boiled  in  a  large  quantity  of  water  a  portion  of  the  pulverifed  ftone ; 
the  water,  after  filtration,  did  not  appear  very  tranfparent.  I  poured  in  the  muriate  of 
barytes,  and  a  precipitate  was  immediately  formed  confiding  of  fulphate  of  baryles..  In 
order  to  afcertain  the  proportion  of  fulphate  of  lime,  I  fuperfaturated  with  muriatic  acid  the 
liquor  which  remained  from  the  precipitate  C  and  the  water  of  edulcoration ;  after  which 
I  poured  in.  muriate  of  barytes,  and  obtained  a  precipitate  of  fulphate  of  barytes,  which 
when  perfedlly  dried  weighed  igk  grains. 

I  fufpedled  that  the  alkalis  made  ufe  of  in  the  experiments  D  and  E  might  contain  a 
fmall  portion  of  fulphate  of  pot-afli,  and  by  that  means  have  contributed  to  the  precipitate 
of  the  fulphate  of  barytes.  To  afcertain  thb  faA,  I  diiTolved  an  equal  quantity  of  alkali ;  and 
having  fuperfaturated  it  with  muriatic,  acid,  and  treated  it  with  the  muriate  of  barytes,  the 
fulphate  of  barytes  which  fell  down  was  carefully  collected  and  dried,  and  weighed  li  grain j 
a  quantity  to  be  dedu£led  from  the  foregoing,  and  leaves  1 8  grains  of  fulphate  of  barytes  to 
determine  tlie  proportion  of  the  fulphate  of  each ;  and  by  computation  I  find  that  200 
grains  of  the  lapis  contain  8.18  of  fulphuric  acid,  of  the  fpecific  gravity  1.850,  or  in 
combination  with  calcareous  earth  13  grains  of  fulphate  of  lime.  This  calculation  is 
founded  upon  my  experiments,  which  (hew  that  with  the  difference  of  a  very  fmall  frac- 
tional quantity,  1 00  parts  of  fulphuric  acid  of  the  fpecific  gravity  1.850  form  220  of  ful- 
phate of  barytes.  The  fame  quantity  of  acid  for  its  faturation  with  calcareous  earth  de- 
mands either  100  parts  of  carbonate  of  Ume^  or  ^^  of  pure  lime,  and  forms  160  of  fulphate 
of  lime. 

The  200  grains  of  lapis  lazuli  contain  therefore  as  component  parts : 


( - 


Calcareous  earth 


D  57 
H  20 
■K    6- 

—  {f  ^9}     64  but  ignited        — 


Grains.  ^ 


P  571 

Siliceous  earth      —  <  H  29  >  —  —  —  92 


29 


Alumine     —  —  K 

Oxide  of  iron  —  I  ■                     m^            ^^  6 

Sulphuric  acid  —  L  ■                    *.*                  —  8 

Carbonic  acid  — -  B  ■   ■                .^             ...  20 

Water        — .  —  A  ^—                  —  4 

194 
Xofs      6 

200 
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•    But  becaufe  the  calcareous  earth  is  combined  partly  widi  the  fulphuric  ictd  and  partif 
trith  the  carbonic  acid,  it  followa  that  the  combinalidn  of  die  lapis  is 

Gmiiis* 

Silex                        —  —  — ^  46      -| 

Alumine                —  —  — *  14-50 

Calcareous  carbonate  —  —  28 

Calcareous  fulphate  — «  —              6.50 

Oxide  of  iron  —             •^  ~              3 

Water                  —  —  ~              2 

The  fum  is  here  complete,  becaufe  I  have  confidered  the  calcareous  earth  as  perfefllf 
faturated  with  the  carbonic  acid  i  which  does  not  however  appear  in  faft  to  be  the  cafe. 
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U/eful  Notices  refpcSing  various  ObjeSs.'^Kofe»Waier^^Eau  de  Lucc^^Soap  of  Woot^lh, 

Sea  Sicknefs. 

!•  Rofi'Water. 

X  HE  Cmple  diftilkd  water  from  rofe-leaves,  which  is  fold  by  the  name  of  rofe-water, 
has  the  difadvantage  of  lofing  its  fragrancCi  by  a  fpontaneous  change  which  feems  to  be  of 
the  nature  of  the  putrid  fermentation.  This  happens  in^much  lefs  time  than  muft  elapfe 
between  the  annual  feafons  when  freOi  rofe-leaves  are  to  be  had.  The  article  is  never* 
thelefs  to  be  purchafed  at  any  time  of  the  year ;  from  which  circumftance  it  has  .been  fup« 
pofed  that  the  manufaduring  perfumers  were  in  poflTeflion  of  fome  method  of  preventing 
the  procefs  by  which  it  is  changed.  A  philofopUcal  friend  afliu'es  me  that  this  is  Aot  the 
cafC)  but  thzt  they  diftil  only  fo  much  rofe- water  at  a  time  as  they  know  will  keep  during 
the  period  of  the  regular  demand  for  that  quantity ;  at  the  end  of  which  they  diftil  the 
fame  quantity  from  other  rofe-leaves.  Their  managenxent  for  infuring  a  regular  fupply 
conGfts  in  packing  the  frefh  rofe-leaves  with  common  fait  in  a  mafs^  to  a  portion  of  which^ 
when  requircdi  they  add  water,  and  didil  from  the  mixture. 

2.  Ecu  de  Lace, 

THE  fame  intelligent  friend  informs  me,  that  the  ufual  recipes  in  the  London  Pharma- 
copoeia and  other  books,  for  making  the  fragrant  alkaline  liquor  called  eau  de  luce,  the  lead- 
ing perfeAion  of  which  is,  that  it  (hall  pofTefs  and  retain  a  milky  opacity,  do  not  fucceed^ 
but  that  a  feparation  takes  place,  and  the  fluid  becomes  more  or  lefs  clear  by  keeping. 
The  ufe  of  madic  in  this  compofitiou  has  hitherto  been  kept  a  fecret.  Upon  his  afTurance 
that  this  is  the  chief  ingredient^  I  made  the  following  trials.  -  One  dram  of  the'reflified 
oil  of  amber  was. diflblved  in  four  ounces  of  the  ftrongeft  ardent  fpirit  of  the  (hops;  its 
fpccific  gravity  being  .840  at  60  degrees  of  Fahrenheit.  This  is  the  oily  fpirit  which  is  Jo 
be  added  to  volatile  alkali  to  form  eau  de  luce,  according  to  Macquer,  in  his  Di^iionary, 
who  fpeaks  highly  of  a  recipe  to  this  efFeft,  but  with  the  addition  of  ten  or  twelve  grains 
of  white  foap  to  the  fpirit,  pretious  to  the  oil.  The  purpofes  of  my  experiment  did  not 
require  the  foap.     A  portion  of  the  clear  fpirit  was  poured  upon  a  larger  quantity  of  fine 

3  .powdered 
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powdered  maftic,  than  it  was  judged  could  be  taken  up.  This  was  occafionally  agitated 
without  heat,  by  which  means  the  gum  refin  was  for  the  mod  part  gradually  diflblved. 
One  part  of  the  oily  folution  was  poured  into  a  phial,  and  to  this  was  added  one  part  of  the 
folution  of  maftic.  No  opacity  or  other  change  appeared.  Four  parts  of  flrong  cauftic 
volatile  alkali  were  then  poured  in,  and  immediately  (hakcn.  The  fluid  w.^s  of  a  denfe 
opake  white  colour,  affording  a  flight  ruddy  tinge  when  the  light  was  fecn  through  a  thin 
portion  of  it. 

In  a  fecond  mixture  four  parts  of  the  alkali  were  added  to  one  of  the  folution  of  maftic ; 
It  appeared  of  a  Icfs  denfc  and  more  ycllowifli  white  than  the  former  mixture.  More  of 
the  gum  rcfinous  folution  was  then  poured  in,  but  it  ftill  appeared  Icfs  opake  than  that 
mixture,     it  was  ruddy  by  tranfmitted  light. 

The  laft  experiment  was  repeated  with  the  oily  folution  inftcad  of  that  of  maftic.     The 
white  was  much  lefs  denfe  than  either  of  the  foregoing  compounds,  and  the  requifite  opacity 
was  not  given  by  augmenting  the  dofe  of  the  oily  folution.-  No  rudtiinefs  nor  other  re-    . 
markable  appearance  was  fecn  by  tranfmitted  light. 

,  Thefe  mixtures  were  left  at  repofc  for  two  days ;  no  fcparation  appeared  in  either  of 
the  compounds  containing  maftic  j  the  compound  confifting  of  the  oily  folution  and  alkali 
became  paler  by  the  fcparation  of  a  cream  at  the  top. 

It  appears,  therefore,  that  the  firft  of  thefe  three  mixtures,  fubjeS  to  variation  of  die  quan- 
tity of  its  ingredients,  and  the  odorant  additions  which  may  be  made,  is  a  good  eau  dc  luce. 

Chemical  writers  fpeak  of  a  milky  fluid,  under  the  name  of  lac  virginale^  made  by 
pouring  tinflure  of  benzoin  into  fome  perfumed  water.  As  this  fragrant  balfam  promifed 
to  be  in  fome  refpe£ls  fuperior  to  maftic,  I  was  induced  to  try  it.  A  fpirituous  folution 
was  made  of  the  brown  benzoin,  which  happened  to  be  at  hand.  To  one  part  of  the  oily 
folution  firft  mentioned  was  added  one  part  of  the  clear  filtered  folution  of  benzoin.  Thefe 
mixed  uniformly.  Four  parts  of  the  cauftic  volatile  alkali  were  then"  added.  The  mixture 
became  opake,  fawn-coloured  and  curdled,  with  much  lefs  pungency  of  fmell  than  was 
afforded  by  the  other  alkaline  compounds.  The  next  day  the  opake  part  had  confiderably 
fubfided,  and  left  a  brownifli  tranfparent  though  turbid  fluid  above.  It  appears  probable, 
therefore,  that  the  acid  of  the  benzoin  had  not  only  united  with  part  of  the  volatile  alkali, 
but  that  the  oily  and  refmous  parts  had  likewife  been  difpofed  to  coagulate  in  this  ar- 
rangement.    It  is  undoubtedly  of  no  value  in  the  prefent  point  of  view. 

3.    Soap  of  Wool, 

I  HAVE  made  a  few  experiments  on  the  faponaceous  combination  of  wool  and  alkali  *. 
A  cauftic  lixivium  was  made  by  mixing  a  folution  of  the  cryftals  of  foda  with  a  due  portion 
of  lime  and  water.  To  the  clear  ley,  in  a  ftate  of  ebullition,  wool  was  added,  a  little  at  r, 
time.  It  was  fpeedily  diflblved  by  ftirring ;  but  on  account  of  the  lixivium  being  too 
ftrong,  the  compound  appeared  thick,  and  was  poured  out  before,  as  it  afterwards  appeared, 
the  faturation  of  the  alkali  was  efFe£led.  The  compound,  after  being  left  in  an  cartlien 
vcflcl  for  feveral  days,  was  found  to  be  fcarcely  more  confiftent  than  treacle.  Its  fmell  was 
ofi^enGve,  though  not  ftrong ;  it  readily  diflblved  in  water,  but  fcarcely  lathered  at  all  \  and 
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by  Its  ^Q\on  when  fmeared  on  the  hands  it  appeared  to  poflfcfs  a  confiderable  portion  of  dif- 
engaged  alkali.  The  whole  was  then  diflblved  in  water,  and  left  for  feveral  days  on  account 
of  other  avocations.  In  the  mean  time  a  weaker  lixivium  was  boiled  with  the  addition  of- 
wool  in  fmall  portions,  till  the  lad  quantity  added  remained  for  a  confiderable  time  un* 
diflblved,  and  was  taken  out.  The  fluid  poured  into  cups  had  the  conQftence  of  treacle. 
It  lathered  fcarcely  at  all  with  water,  in  which,  however,  it  readily  diflblved ;  and  upon 
being  ufed  with  a  piece  of  flannel,  it  fcemed  admirably  adapted  for  fcouring  that  cloth. 
Four  fucceflive  rinfmgs  in  different  clear  waters  feemed  to  have  wafhed  off  the  foapi  but 
the  fmell  (lill  remained  very  ftrong  in  the  flannel.  It  went  off  in  fix  or  feven  hours  com- 
pletely. 

I  was  defirous  of  afcertaining  the  flate  of  the  wool  when  it  (hould  be  again  feparated  by 
means  of  an  acid.  For  this  purpofc  I  added  diluted  vitriolic  acid  to  the  aqueous  folution 
of  the  firfl  imperfe£l  foap,  which  contained  about  half  a  pound  of  wool.  A  feparation 
inftantly  followed ;  and,  to  my  furprife,  upon  ftirring  the  liquor,  it  lathered  very  well.  The 
next  day  the  confiflent  part  had  fettled  to  the  bottom.  The  clear  liquor,  which  was  con- 
Gderably  acid,  and  had  a  fulphureous  fmell,  lathered  with  agitation.  The  confiftent  part 
had  the  appearance  as  if  moftly  compofed  of  broken  fibres.  The  whol«..wa8  poured  into  a 
coarfe  cloth,  and,  after  {training  away  the  acid,  water  was  fuffered  to  run  from  a  cock  into 
the  bag  of  the  cloth,  and  fell  clear  into  a  fmall  bafon  which  it  overflowed  below.  It  was 
remarkable  that  this  clear  taftelefs  water  bore  a  ftrong  bead  or  head  by  agitation.  The 
edulcorated  matter,  when  dry,  weighed  lefs  than  half  an  ounce.  Hence  it  ihould  feem  in  this 
loofe  experiment  that  the  acid  had  not  only  faturated  the  difengaged  alkali,  but  had  either 
combined  with  the  wool  of  the  foap,  or  formed  a  triple  compound  with  the  foap  itfel/^ 
which  was  moftly  carried  off  in  the  edulcoration.  The  refidue  was  probably  wool,  which 
had  not  been  completely  deprived  of  its  organization  in  the  firft  boiling.  But  I  mean  to 
examine  the  perfeA  foap  with  greater  attention  to  quantities. 

4*  Sea  Sicknefs. 

IN  an  account  of  the  iflands  of  Goree  and  Senegal,  by  Citizen  Prolong,  printed  in  the 
iviiith  volume  of  the  Annates  de  Chimie,  the  author  mentions  that  he  fufliercd  prodigioully 
and  for  a  long  time  by  the  fea  ficknefs,  but  was  greatly,  and  afterwards  habitually,  relieved 
by  taking  ten  drops  of  vitriolic  ether  in  a  fpoonful  of  water.  I  have  alfo  been  affured  by 
the  commander  ot.  a  packet  conftantly  pafGng  between  Harwich  and  Helvcietfluys,  that  he 
always  found  this  diftreffing  illnefs  greatly  relieved  in  his  paffengers  by  a  fmall  quantity 
of  red  wine  heated  with  fpices.  The  fca  ficknefs  feems  to  be  a  fpafmodic  affe£lion  of  the 
ftomach,  produced  by  the  alternate  preffure  and  recefs  of  the  contents  of  that  vifcus  againft 
its  lower  internal  furface,  accordingly  as  the  rife  and  fall  of  the  fliip  oppofes  or  recedes  from 
the  a6lion  of  gravity.  Hence  it  is  relieved  by  change  from  the  ered  to  the  prone  pofture^ 
or  by  removing  from  the  extrcniiiy  of  the  vcffel  to  the  vicinity  of  axis  of  the  pitching 
motion,  near  the  mainmaft  ;  and  hence  alfo,  when  the  organs  have  become  habituated  to  a 
regular  vibration  of  one  kind  in  a  fliip  for  feveral  months,  the  ficknefs  may  neverthelefs  be 
again  generated  by  a  different  vibration  in  a  boat.  As  it  is  a  habit  which  requires  fome 
time  to  be  generated,  and  comes  on  gradually,  it  is  not  difEcult  to  oppofe  it  by  mental  effort 
or  diverfion ;  but,  to  fuch  as  have  not  acquired  this  facility,  it  may  be  acceptable  to  know 
2  that 
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that  the  above  fpirituous  ftimuli  have  been   found  of  fcrvice  in  counterafling  it.     The 
ftimulus  of  food,  taken  even  againil  the  inclination,  has  alfo  been  frequently  found  to  be 
.beneficial. 
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VII. 

A  Companfon  between  Electrical  Machines  with  a  Cy Under ,  andthofe  which  produce  their  Effect  ly 
menns  of  a  Circular  Plate  of  Glafs,  With  a  Defcription  of  a  Alachine  of  great  Simplicity  and 
Power^  invented  by  Dr.  MaRTINUS  Van  M ARUM, 

At  IS  a  remarkable  circumflance  that  the  plate-machine  for  cleftricity,  firft  invented  and 
publiihed  in  this  country  by  Dr.  Ingenhoufz,  has  never  been  much  ufed  here,  though  it  has 
been  well  received  on  the  Continent,  and  almoft  univerfally  preferred  to  the  machine  with 
a  cylinder.  This  may  in  fome  meafure  be  owing  to  the  improvements  in  our  manufacture 
of  blown  glafs>  by  which  we  have  been  fupplied  with  cylinders  of  confiderable  dimenfions 
at  a  moderate  price,  inftead  of  the  globes  which  were  originally  ufed  for  this  purpfifc.  Some 
years  ago  (1787)  I  improved  the  cylinder-machine  by  a  contrivance  for  changing  the  cle£lri- 
city  of  the  conduftor  from  plus  to  minus  almoft  inftantly,  which  is  defcribed  in  the  Philofo- 
phical  TranfaAions  for  1789.  From  a  comparifon  of  the  quantities  of  ele^ricity  accumu- 
lated by  the  fridlion  of  a  fquare  foot  of  glafs,  I  was  induced  to  adopt  the  opinion,  that  cylin- 
ders were  preferable  to  plates  in  every  refpe£t,  excepting  the  great  quantity  of  furface 
afforded  by  tlie  latter  in  machines  conftru£led  without  regard  to  expence.  The  labours  of 
the  celebrated  Dr.  Van  Marum,  together  with  fome  obfervations  of  my  own,  have  Cnce 
that  time  tended  to  alter  my  opinion  :  for  which  reafon  I  (hall,  in  the* firft  place,  enume- 
rate a  few  general  fa£ts,  and  then  proceed  to  defcribe  his  excellent  improvement  of  my  con* 
trivance. 

I.  EleArical  machines  were  formerly  made  to  revolve  with  confiderable  velocity  by  a  mul- 
tiplying wheel.  This  has  fince  been  reje£ted  in  confequence  of  the  flrong  excitation  and 
increafed  friAion  produced  by  a  more  advantageous  application  of  the  amalgam  of  zinc  and 
mercury.  The  machines  with  a  fingle  winch  demand  the  fame  labour  as  before  to  work  them. 
They  exhibit  much  more  fire  in  the  form  of  flafhes  and  fparks.  But,  as  far  as  my  cxperienq: 
fhews,  the  fpark  from  the  old  machine  was  denfer  and  more  pungentj  the  excitation  more 
fteady,  and  the  time  employed  in  charging  fomewhat  fhorter. 

II.  A  cylinder  with  a  fingle  winch  requires  larger  terminations  of  its  metallic  parts  t« 
prevent  the  fire  from  fiafhing  out,  than  are  required  either  in  the  old  machine,  or  one  of  thofe 
conflruAed  with  a  flat  plate. 

III.  It  frequently  happens  that  the  fimple  machine  will  be  in  a  flate  to  throw  out  ramifi- 
cations to  the  table,  to  the  face  of  the  operator,  and  into  the  air  ;  though  the  a&ual  fpark 
is  not  very  denfc,  nor  the  power  great,  when  examined  by  the  time  required  to  charge  a  bat- 
tery or  jar. 

IV.  From  thefe  circumflances  it  appeared  probable  that  the  eleftric  matter  in  a  charged 
conduAor  may  be  thrown  into  a  flate  of  undulation  by  an  irregular  fupply  from  the  cylinder, 
and  that  in  this  flate  it  will  fly  off  more  readily  than  when  fupplied  by  a  more  uniform  flream. 
Thus,  when  the  cylinder  is  of  an  irregular  figure,  the  a£lion  of  the  cufhion  will  be  (Ironger 
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on  the  one  fide  than  the  other,  and  this  irregularity  may  be  increafed  alfo  from  other  caufes* 
The  irregular  fupply  will  therefore  be  made  at  more  diftant  intervals  by  the  fimple  ma- 
chine, at  more  frequent  reiterations  in  the  machine  with  the  multiplying  wheel,  and  per- 
haps uniformly  from  a  plate. 

V.  The  cfFccl  of  this  undulation  may  be  fliewn  from  various  fads.  I.  A  fmall  wire  of 
many  yards  in  length,  communicating  from  a  ball  to  the  ground,  will  be  rendered  luminous 
through  its  whole  length,  by  fparks  of  pofitive  cleftricity  given  to  the  ball ;  but  it  will  not  be 
'  at  all  luminous  when  the  fame  quantityiof  deftricity  is  given  in  a  more  continued  dream  by 
placing  the  ball  in  conta£t  with  the  prime  condu£lor.  2.  If  a  metallic  rod  be  infulated 
with  a  ball  at  one  end,  of  a  diameter  fufficient  to  prevent  the  fpontaneous  flaihing  of  elec- 
tricity when  it  forms  part  of  the  prime  conduftor,  and  at  the  other  end  of  the  ftem  be 
fixed  another  ball  of  a  proper  fize  to  draw  the  fpark  ;  when  this  lad  ball  is  placed  in  con- 
taft  with  the  prime  conduftor,  the  other  ball  will  not  throw  out  ilafhep  •,  but  if  it  be  with- 
drawn fo  as  to  receive  fparks,  the  external  ball,  thgugh  certainly  no  more  eledrified  than 
before,  will  throw  out' a  flafli  every  time  the  fpark  is  emitted.  3.  A  brafs  ball  of  four 
inches  diameter  was  conne£led  by  a  metallic  (Icm  to  the  end  of  the  prime  conductor  of  an 
cle£trical  machine  in  the  pofitive  (late,  fufTiciently  vigorous  to  throw  a  flafh  into  the  air  now 
and  then.  The  metallic  ftcm,  which  was  about  fix  inches  long,  was  then  changed  for  ano* 
ther  of  the  fame  dimenfrons  of  deal  wood.  In  this  date  the  ball  thr^w  out  continual  flafiies 
into  the  air.  The  experiment  was  frequently  repeated,  and  the  lad  refult  may  naturally  be 
fuppofcd  to  depend  on  the  imperfeflion  or  difconiinuitv  of  the  condufling  matter  in  the 
wooden  dem.  4.  A  pointed  wire  was  xnfcrtcd  in  the  pofitive  conductor  of  Nairne's  elec- 
trical machine,  witli  the  point  upwards.  It  was  then  covered  with  a  clean  Florence  flaik* 
The  point  of  the  wire  occupied  the  centre  of  the  bottle.  Whenever  the  pofitive  fpark  was 
drawn  from  the  conductor,  the  point  of  the  wire  exhibited  the  luminous  negative  fign.  But 
when  the  experiment  was  repeated  on  the  negative  condnftor  and  the  fpark  drawn,  the  point 
emitted  the  pofitive  flafli  fo  as  to  fill  the  whole  capacity  of  the  bottle  with  ramified  light. 
In  thefe  experiments  it  may  be  prefumed,  that  the  efcape  at  the  point  was  occafioned  by  un- 
dulation. 5.  The  lateral  fpark  in  difcharging  a  jar  may  be  urged  as  an  indance  of  the 
fame  kind. 

Thefe  obfervations  feem  to  give  the  advantage  in  favour  of  plate -machines  as  far  as  re- 
lates to  the  efcape.  I  dial  I  therefore  proceed  to  defer  ibe  that  of  Dr..  Van  Alarum*,  and 
afterwards  date  from  his  report,  compared  with  my  own  experiments,  what  maybe«the 
proportions  of  ele6lricity  collcdlcd  from  each  fquare  foot,  which  pades  the  cudiion  in  ma- 
chines of  both  kinds. 

Plate  III  exhibits  a  perfpeclive  view  of  the  machine,  and  Plate  IV  a  fedion,  exclufivc  of 
the  cufliions.  In  the  view  it  may  be  obferved  that  the  cufliions  are  each  feparately  infu- 
lated upon  pillars  of  glafs,  and  are  applied  nearly  in  the  direftion  of  the  horizontal  diameter 
of  the  plate,  indead  of  the  vertical  diameter  as  heretofore.  The  ball  diametrically  oppofite 
to  the  handle  is  the  prime  conduftor,  and  the  femicircular  piece  with  two  cylindrical  ends 
ferves,  in  the  pofition  of  the  drawing,  to  Teceive  the  elcdricity  from  the  plate.  By  the  happy 
contrivance  of  altering  the  pofition  of  this  femicircular  branch  from  vertical  to  nearly  hori- 

*  Abridged  from  the  Stroncfe  Ccnthiuaiion  dci  Experience sfailcs  par  le  Mojen  dc  la  Machine  EleMque  Teyle^ 
riennc. 
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zontal,  the  cylindrical  ends  may  be  placed  in  contaft  with  the  cufhions,  and  the  prime  con- 
du£lor  inftantly  exhibits  negative  ele6!:ricity.  But  as  it  is  necefTary  that  the  cufhions  (hould 
communicate  with  the  ground  when  the  pofitive  power  is  wanted,  and  that  they  (hould  be 
infulated  when  the  negative  power  is  requirjjd,  there  is  another  femicircular  branch  applied 
to  the  oppofitc  fide  of  the  plate  nearly  at  right  angles  to  the  firft.  That  is  to  fay>  when 
pofitive  electricity  is  wanted,  this  fecond  branch  denoted  by  I.  I  in  the  feftion  P'ig.  i,  PI  IV, 
is  placed  nearly  horizontal,  and  forms  a  communication  from  the  cufhions  to  the  grour.l 
through  a  metallic  rod  from  K  behind  the  mahogany  pillar  which  fupports  the  axis ;  bai 
when  on  the  contrary  the  negative  power  is  wanted,  and  the  branch  from  the  prime  con- 
ductor is  placed  in  contadl  with  the  cufhions,  this  other  branch  from  the  axis  is  put  into  the 
vertical  fituation,  and  carries  off  the  eleftricity  emitted  from  the  plate  of  glafs. 

The  axis  of  the  plate  Bh,  Fig.  i,  Plate  IV,  is  fupported  by  a  fingle  column  A,  which  for 
that  purpofe  is  provided  with  a  bearing-piece  K,  on  which  two  brafs  collar-pieces  DD,  re- 
prelcnied  more  at  large  and  in  face  in  Fig.  3,  are  fixed,  and  carry  the  axis  itfelf.  The 
whole  of  Fig.  i,  is  reduced  to  one-eighth  of  its  real  dimcnfions,  unlefs  contrafted  by  the 
fhrinking  of  the  paper  after  printing;  to  obviate  which,  it  may  be  remarked  that  the  dia- 
meter of  the  plate  is  31  Englifh  inches.  The  axis  has  a  counterpoife  O,  of  !ead,  to  prevent 
too  great  fri£lion  in  the  collar  D  neareft  the  handle.  The  arc  of  the  conductor  EE,  which 
carries  the  two  fmall  receiving  condudtors  FF,  is  fixed  to  the  axis  G,  which  turns  in  the 
ball  H.  On  the  other  fide  of  the  plate  is  feei?  the  other  arc  II,  of  brafs  wire,  half  an  inch  in 
diameter,  fixed  to  the  extremity  of  the  bearing-piece  K,  fo  that  it  may  be  turned  in  the  fame 
manner  as  the  arc  EE.  The  two  receiving  condu£tors  FF  are  fix  inches  long,  and  two  and 
a  half  inches  in  diameter.  The  double  line  P  reprefents  a  copper  tube  terminating  in  a  ball 
Q^  It  moves  like  a  radius  upon  the  ftem  R  of  the  ball  S,  which  being  fcrewed  -into  the 
condu6\or  H,  ferves  to  confine  the  arm  P  in  any  pofition  which  may  be  required.  The  dia- 
meter of  the  ball  S  is  only  two  inches,  which,  together  with  certain  other  lefs  rounded  parts 
of  this  apparatus,  may  ferve  to  fliew  that  the  confiderable  electricity  from  this  machine 
is  lefs  difpofcd  to  efcape.than  if  it  had  proceeded  from  a  cylinder.  The  dilFipation  of  elec- 
tricity along  the  glafs  fupports  is  prevented  by  a  kind  of  cap  T,  of  mahogany,  wiiich  aiTords 
an  electrical  well  or  cavity  underneath,  and  likewife  effectually  covers  the  metallic  caps  in- 
to which  the  glafs  is  cemented.  The  lower  extremity  of  the  cap  is  guarded  in  the  fame 
manner  by  a  hollow  piece  or  ring  V,  of  mahogany,  which  covers  the  metallic  fockct  into 
which  the  glafs  is  cemented.  The  three  glafs  pillars  arc  fct  in  Hiding-pieces,  as  marked  on 
the  platform  of  Plate  III,  which  are  9  incJics  long. 

The  rubbers  of  this  machine  differ  in  no  cffential  particular  from  thofe  dcfcribed  by  the 
inventor  in  the  Journal  dc  Phyfique  for  February  1791  ;  and  the  apparatus  for  applyiti^ 
them  is  defcribed  in  the  fame  work  for  April  17*09.  Fig.  2.  reprefents  a  feCtion  of  this  ju- 
dicious piece  of  mechanifm  fecn  from  above,  and  one-fourth  of  the  real  fize.  A  metallic 
fliding-picce  bb,  is  Aided  into  a  correfpondent  face,  on  the  ball  Z,  which  i^  one  of  thofe  fixed 
on  the  top  of  the  glafs  pillars  near  the  circumference  of  the  glafs  plate  in  Plate  III.  l^o 
this  is  affixed  the  piece  dd,  which  terminates  in  two  hinges  gg,  that  allow  the  fpringsce  to 
move  in  the  plane  of  the  horizon.  The  pieces  gg  reprefent  the  wood-work  of  the  cufliions 
attached  to  the  extremities  of  the  fprings  by  the  hinges  hh.  The  fprings  arc  regulated  by 
the  bolt  and  fcrew  ii.  The  two  cufliions  are  thus  made  to  apply  to  the  plate  equally  throui^h 
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their  whole  length  -,  the  a£Vions  on  the  oppofite  fides  of  the  plate  are  accurately  the  fame ; 
and  the  play  of  the  hinges  gg,  prevents  the  plate  from  being  endangered  by  any  drain  in  tlic 
dircftion  of  its  axis.  It  is  certain  that,  before  tliis  adequate  provifion  was  made  to  fccure 
thofe  eflcntial  requifites,  it  was  imprafticable  to  apply  the  cufliions  to  a  plate  with  the  fame 
fafcty  and  cfFefl  as  to  cylinders,  which  poflcfs  much  ftrengthfrom  their  figure.  An  inge- 
nious workman  will  probably  find  little  difficulty  in  conftruSing  thcfe  rubbers  from  this 
defcription  and  drawing ;  but  the  mod  precife  information  refpefling  every  circumftance 
and  dimenfions  is  to  be  found  in  the  letters  above  quoted. 

The  inner  extremities  of  the  cufliions  are  defended  by  the  plates  cf  gum-lac  YY,  which 
cover  the  three  fides  or  edges,  and  prevent  their  attradling  the  eleftric  matter  from  the 
ends  of  the  receiving  conduf^or. 

1  hat  part  of  the  axis  which  moves  between  the  collars  is  made  of  fteel.  The  middle  of 
the  non-condu£tihg  part  of  the  axis  is  a  cylinder  of  walnut-tree  wood  aaaa,  baked  until  its 
infulating  power  is  equal  to  that  of  glafs,  and  then  foaked  in  amber  varniih,  while  the  wood 
dill  remains  hot.  The  two  extremities  of  this  cylinder, which.are  of  a  lefs  diameter,  are  forced^ 
by  (Irong  blows,  with  a  mallet,  into  the  ftout  brafs  caps  b  andc,  in  which  they  are  retained 
by  three  iron  fcrews  dd.  The  cylinder  aa,  and  the  brafs  caps  are  covered  with  a  layer  of 
gum-lac  eeee,  to  preferve  the  infulating  date  of  the  wooden  cylinder  more  perfeAly,  and  to 
prevent  the  cap  b  from  tlirowing  fladies  to  the  rubbers.  The  bottom  of  the  cap  b  is  fcrewcd 
home  on  the  tapped  extremity  of  the  deel  axis  b.  The  bafe  of  the  cap  c,  which  is  four  inches 
in  diameter,  terminates  in  an  axis  one  inch  thick,  and  two  in  length  \  the  extremity  of 
which  is  formed  into  a  fcrew.  The  glafs  plate  is  put  on  this  projeAing  partj  and  fecured 
in  its  place  by  a  nut  of  box- wood,  forced  home  by  a  key,  applied  in  the  holes  ii.  Two  rings  ^ 
of  felt  are  applied  on  each  fide  of  the  glafs,  to  defend  its  furface  from  the  conta£k  of  the 
wood  and  the  metal ;  and  the  central  hole  in  the  glafs,  which  is  two  inches  in  diameterj 
contains  a  ring  of  box -wood,  which  prevents  its  immediate  application  to  the  axis. 

As  it  is  neceffary  that  the  axis  G  diould  be  parallel  to  the  axis  of  the  plate,  in  order  that 
the  conduAors  FF  may  move  parallel  to  the  plate  itfelf,  the  pillar  M  is  rendered  adjudable 
by  three  bearing  fcrews  RR  at  the  bottom,  which  re-a£l  againd  the.  drong  central  fcrew 
T,  and  this  is  drawn  downwards  by  its  nut.  The  conduflors  FF  are  alfo  adjudable  by  the 
fliding-pieces  vv,  and  the  bin  ding- fcrews  ww,  which  alfo  afford  an  adjudment  to  bring  the 
axis  of  each  fmall  condufior  parallel-to  the  face  of  the  glafs  plate.  A  fimilar  adjudment  may 
be  obferved  at  the  extremities  of  the  arc  II. 

Fig.  4.  reprefents  a  fe£^idn  of  the  moving  part  of  the  branch  II,  one-half  of  its  real  fize, 
A  brafs  plate  aa  is  fcrewed  to  the  face  of  the  capital  K  by  three  iron  fcrews  $.  To  thi«  is 
fcrewed  another  ring  SJ,  which  affords  a  groove  for  the  moveable  ring  77,  into  which  the 
arms  II  are  fixed,     'i'his  is  accordingly  applied  in  its  place  before  the  ring  li\s  fixed. 

The  wooden  part  of  the  rubbers  GG,  Fig.  2,  Plate  IV,  is  covered  with  thin  plates  of  iron, 
excepting  the  furface  nearcd  to  the  glafs.  The  intention  of  this  i-s  to  maintain  a  morC  per- 
fe£t  communication  between  the  rubbed  part  of  the  cudiion  and  the  earth  or  negative  con- 
du6lor,  as  the  cafe  may  be. 

The  plates  of  gum-lac  YY,  arc  applied  to  the  rubbers,  each  by  means  of  a  thin  plate  of 
brafs,  to  which  tliey  are  affixed  by  heat.  There  are  two  wires  riveted  in'thefe  plates,  which 
are  thrud  into  correfpondent  holes  in  the  wooden  part  of  the  cufliion. 

The 
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The  mahogany  column  A  ends  in  a  fquare  ^^y  upon  which  the  piece  K  is  fitted  and  firmly 
applied,  by  means  of  die  fcrew  and  nut  exhibited  in  the  fe£iion. 

1^0  afcertain  the  power  of  this  machine,  Dr.  Van  Marum  relates  an  experiment  made  be- 
fore the  Direftors  of  the  Teylerian  Eftablifliment,  and  other  phildfophical  gentlemen,  in  cir- 
cumilances  not  very  favourable  to  the  apparatus ;  but  to  which  he  gives  the  preference,  011 
account  of  the  refpcftability  of  the  affiftants.  A  battery  of  ninety  jars,  each  containing  up- 
wards of  a  fquare  foot  of  coated  glafs,  was  charged  to  the  higheft  degree  by  150  turns  of  the 
plate,  fo  that  it  difcharged  itfelf.  The  great  Teylerian  machine  with  two  plates  of  fixty- 
five  inches  diameter  in  its  original  ftate,  before  Dr.  Van  Marum's  improved  rubbers  were 
applied  to  it,never  charged  the  fame  battery,  in  the  mod  favourable  circumftances,  in  lefs  than 
66  turns.  It  follows,  tlieri^ore,  that  this  fmall  and  fimple  machine  exhibited  tVo^^^i  ^^  about 
|ths  of  the  power  of  that  great  machine  in  its  firft  (late ;  and  probably,  if  the  circumftances  had 
been  alike  favourable  in  each,  ic  would  have  amounted  to  one  half.  The  Dodior  has  grounded 
a  calculation  upon  thefe  fads.;  but  as  he  dates  the  rubbed  furfaces  of  thefe  two  machines^ 
probably  by  fome  miftake  in  calculation,  to  be  1243  and  9^3^  fquare  inches  refpeAively^ 
I  (hall  repeat  the  calculation  in  this  place. 

The  diameter  of  the  plate  is  31  inches,  and  the  length  of  the  cu(hion  9  inches.  Then 
31  .7854 — 31 — 1813.7854  =  522  fquare  inches  rubbed  by  one  cufhion  on  one  fide.  And. 
522X4=2088  fquare  inches  rubbed  by  the  four  cu(hions.  Again  in  the  great  machine^ 
the  two  plates  having  a  diameter  of  65  inches,  and  eight  cufliions  of  15^  inches  long^ 
65l*.7854— 65 — 3i7*.7854-=24i044.  And  24104X8  =  19283  fquare  inches  rubbed.  But 
the  intenfity  of  the  eledric  power  of  a  machine  t^^ill  be  in  the  compound  ratio  inverfely  of 
the  furfaces  and  number  of  turns  when  the  charge  is  the  fame  *,  Or  150X2088  :  66  X  19283 
; :  I  =  the  intenfity  of  the  larger  machine :  4  =  the  intenfity  of  the  fmaller. 

To  have  increafed  the  power  of  fteady  excitation  four-fold,  is  certainly  an  a(toni(hing  ac* 
quifition.  This  expreflTion,  however,  of  thd  intehfities  appears  to  be  lefs  generally  ufeful 
than  that  of  the  ratio  of  the  furface  rubbed,  to  that  which  is  charged.  This  laft  expre(rion 
becomes  very  fimple  when  the  latter  quantity  is  reduced  to  i,  or  unity.    Thus,  in  the  two 

machines  here  menttonec}*  the  rubbed  furfaces  in  inches  for  the  battery  are  '■^ — ^ 

o  90X144 

and  >  which  are  equal  to  the  fimple  numbers  90.5  and  24.OJ  which  refpe£lively 

denote  the  number  of  inches  rubbed  to  charge  one  inch  of  coated  glafs. 

The  great  machine  charged  a  fingle  foot  of  ghfs,  by  nibbing  66.6  feet ;  and  a  battery  of 
224  feet  at  the  rate  of  94.8  feet  rubbed  per  foot.  If  the  gradual  decay  of  excitation  be 
fuppofed  the  fame  in  the  fmall  machine  here  defcribed,  it  muft  have  commenced  with  an 
intenfity  of  17.6.  In  the  Philofophical  Tranfaflions,  already  quoted,  I  have  ftated  the  com- 
mencing intenfity  of  a  cylinder,  excited  by  the  amalgam  of  zinc,  as  tried  by  a  jar  of  2|  feet 
to  be  1.8.03  and  19.34*  But,  from  my  notes,  I  find  that  this  jar  was  charged  with  lefs  than 
15.0  when  the  hand  was  conftantly  prefled  againft  the  filk-ilap  ^  and  alfo,  that  this  prefTure 
increafed  the  intenfity  as  49  to  39  in  fome  few  trials,  not  enough  varied  and  repeated.  The 
labour  of  turning  was  very  great  i  much  more  than,  from  various  circumftances,  I  am  in« 
clined  to  fuppofe  Mr.  Van  Marum^s  method  requires.  From  this  confideration,  as  well  as 
from  the  numbers,  and  the  probability  that,  on  account  of  the  lefs  undulation,  the  charges 
by  a  plate  may  be  higher  before  they  explode  than  thofe  by  a  cylinder^  and  likewife  from. 
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the  large  furfacc  expofcd  to  friftion,  I  conclude,  that  the  machine  defcribed  in  this  paper  is 
at  lead  equaliu  (leady  intenfity,  and  much  fuperior  in  power  of  charging,  to  any  cylinder- 
machine  which  has  ever  been  made. 


VIII. 

The  Procefs  for  giving  a  beautiful  JFhite  Colour  to  Raw  Silk  without  Scouring.   By  M,  BauME  *. 

[Concluded  from  page  32.] 

X  O  complete  t!ie  defcription  of  M.  Baumc's  proccfs  for  bleaching  fillc,  nothing  more  re- 
mains, than  to  (hew  in  what  manner  he  recovers  the  ardent  fpirit,  and  enfurcs  the  purity  of 
the  acids  made  ufe  of.  Thcfe  circumflanccs  are  of  eflential  importance  to  the  art:  for  the 
procefs  would  be  much  too  expenfive  if  the  fpirit  were  loft,  and  it  could  not  be-  made  to 
fuccced  at  all  if  the  acid  were  impure. 

'ilie  alcohol  which  has  been  ufed  in  bleaching  (ilk,  is  acid,  and  -loaded  with  colouring 
matter.  In  this  ft  ate  it  cannot  be  again  ufed.  There  are  two  methods  of  diftilling  it ; 
which  have  their  refpcciivc  advantages  and  inconveniences.  By  the  (irft,  the  acid  is  loft  ; 
which  is  faturated  with  pot-a(h,  in  order  that  the  diftillation  may  be  afterwards  performed  in 
a  copper  alembic.  The  fecond  is  performed  by  diftilling  with  glafs  retorts,  or  an  alembic 
of  filver.  In  either  of  thefe  vcfisls,  which  are  not  aftcd  upon  by  the  marine  acid,  the  diftil- 
lation may  be  performed,  and  the  greater  part  of  the  acid  recovered.  Ihe  inventor  moft 
generally  pra£lifed  the  faturatlon  of  the  acid  from  reafons  of  convenience ;  but  recom- 
mends tlie  ufe  of  a  filver  alembic,  as  being  moft  economical  upon  the  whole,  in  a  manu- 
fadlory. 

A  folution  of  pot-a(h  is  to  be  poured  into  the  acid  fpirit  and  ftirred  about  to  promote 
the  faturation.  Carbonic  acid  is  difengaged  with  ftrong  efFervefccncc  from  thcalkali,  and 
the  point  of  faturation  is  Icnown  by  the  ufual  teft,  that  the  fluid  does  not  redden  the  tinfturc 
of  turnfol.  The  diftillation  is  then  to  be  niade  in  the  copper  alembic,  and  the  alcohol  re- 
ferved  in  proper  vefTeh,  as  mentioned  at  the  beginning  of  tliis  Memoir. 

If  too  much  alkali  fliould  have  been  added,  the  liquor  remaining  in  the  alembic  may  be 
ufed  in  another  faturation.  The  alkali  in  this  procefs  being  an  expenfive  article,  Mr.  Baumc 
endeavoured  to  fupply  its  place  by  chalk,  quick-lime,  and  lime  which  had  been  flaked  by 
expofure  to  the  air.  But  he  found  that  the  adlion  of  the  fpirit  upon  the  calcareous  earth, 
or  perhaps  the  abfence  of  water,  prevented  the  acid  from  uniting  with  that  fubftance.  The 
union  does  not  take  place  to  perfe£l  faturation  in  lefs  than  five  or  fix  weeks,  even  when  the 
alcohol  is  diluted  with  upwards  of  fifty  times  its  bulk  of  water. 

In  the  fecond  procefs  for  diftilling  without  alkali,  the  acid  fpirit  is  diflributed  into  a  great 
number  of  glafs  retorts,  placed  in  tliC  fand-bath,  on  the  gallery  of  a  furnace.  The  Crft 
produ6l  isfcarcely  acid  ;  but  what  follows  is  more  and  more  fo,  and  muft  be  kept  in  veiTels 
of  glafs  or  ftone  ware,  which  become  embarrafling  on  account  of  their  number.  The  fluid 
which  remains  in  the  retorts  has  the  colour  of  beer  flightly  turbid,  and  contains  the  greateft 
part  of  the  marine  acid.     It  muft  be  poured  into  one  or  more  retorts,  and  concentrated  by 

'*  The  Editors  of  the  Journ?!  dc  Phyfiquc,  to  which  reference  was  made  at  the  beginning  of  this  Abftra6fr, 
omitted  to  mention  how  they  cbtaintd  it.  I  find  in  the  Annalcs  dc  Chimic,  XVIL  156,  that  it  was  read  at  the 
Tublic  Meeting  of  the  Academy  at  Paris,  April  10,  1793, 

heat 
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Iieat  gradually  applied.  The  firit  liquor  which  comes  over  is  (lightly  red,  turhidi  and  fcarcely 
acid.  This  is  to  be  thrown  away,  and  the  receivers  changed.  The  fucceeding  produ£l  is 
the  colourlefs  marine  acid,  of  an  aromatic  fmell  refembling  the  buds  of  poplar.  The  refin 
of  the  (ilk  remains  in  the  retort  decompofed  by  the  acid.  The  marine  acid  thus  obtained 
is  weaker  than  it  originally  was ;  which  is  in  fa£t  of  little  confequence^  as  it  is  purcj  and 
may  be  fafely  ufed,  either  by  increafing  the  dofe  proportional  to  its  dimini(hed  ftrength|  or 
by  concentrating  it,  if  required,  in  the  ufual  way. 

If  this  diftillation  be  made  in  a  (ilver  alembic^  inftead  of  retorts  of  gla&i  and  a  capital  and 
-worm  of  pure  tin  be  annexed,  the  alcohol  will  be  obtained  fo  (lightly  acid  as  fcarcely  to 
redden  the  tin£ture  of  turnfol  i  but  it  is  fufiiciently  acid  to  receive  injury  if  preferred  in  a 
copper  veflel. 

If  a  cucurbit  of  filver  be  prepared,  of  the  capacity  of  three  or  four  quarts,  with  a  glafs 
head,  the  reGdues  of  the  (irft  didillation  may  be  treated  in  this  veflel  in  the  fame  manner 
as  has  been  dire£led  for  glafs  retorts.  M.  Baume  affirms  that  he  has  pra^fed  all  thefc 
operations  with  glafs  retorts  and  a  fmall  filver  alembic,  with  the  moft  perfefl  fuccefs ;  but 
that  he  made  ufe  of  pot-a(h  to  faturate  the  marine  acid,  becaufe  he  had  not  a  filver  veflel  of 
fttfficient  capacity.  From  the  danger  of  diftilling  large  quantities  of  ardent  fpirit  in  glafs 
veflelSy  he  is  of  opinion  that  no  motives  of  economy  are  fufficient  to  juftify  the  ri(k  attend- 
ing this  method.  In  the  ufe  of  tin,  it  is  neceflary  to  be  careful  that  it  contains  no  adulte- 
ration of  lead,  becaufe  the  vapours  of  marine  acid  have  fufficient  power  to  alter  this  laft 
metal  very  confiderably. 

Upon  the  firft  intimation  of  this  new  procefs  in  France,  manufactories  were  immediately 

eftabli(hed,  to  the  number  of  twenty  or  more,  without  tlie  concurrence  of  Mr.  Baume,  by 

'  perfons  who  confequently  were  not  aware  of  the  apparently  minute  but  very  important 

circumftances  nece(rary  to  infure  its  fuccefs.    In  particular,  the  inventor  ftates  that  the 

marine  acid  of  commerce  is  unfit  for  this  purpofe. 

.  This  acid  was  formerly  prepared  with  the  marine  fah  of  the  faltpetre  manufadiurers ; 
and  even  when  it  is  made  with  good  fait,  the  decompofition  is  efle£ted  with  common  vi- 
triolic acid  which  contains  nitrous  acid.  Marine  acid  mixed  with  a  fmall  quantity  of 
nitrous  acid  does  not  prevent  the  fiik  from  being  beautifully  whitened :  it  even  accelerates 
the  procefii  confiderably,  and  in  the  moft  fatisfa£bory  manner.  But  the  alcohol,  every  time 
it  is  u(ed  and  re£tified,  becomes  charged  with  the  acid  and  gas  of  nitre,  which  afiume  the 
charaAers  of  the  nitrous  anodyne  liquor.  In  this  ftate,  neither  diftillations  nor  repeated 
re^Ufications  from  alkali  are  fufficient  to  feparate  the  nitrous  matter  from  the  alcohol. 
Then  it  ii  that  the  fuccefs  of  the  operator  vaniflies,  with  a  degree  of  rapidity  equal  to  the 
advances  which  encouraged  his  hopes  at  the  commencement.  The  fame  difappointments 
befcl  M.  Baume  at  the  beginning  of  his  labours ;  to  prevent  which,  he  dire^  the  prepa- 
ration of  the  vitriolic  and  marine  acids  to  the  following  e(Fe£l. 

The  vitriolic  acid  of  commerce  is  obtained  by  burning  fulphur  in  chambers  of  lead,  with  the 
addition  of  faltpecre,  either  crude  or  of  the  fecond  cryftallization,  and  u  fmall  portion  of 
A^x.  TJbisacid  is  concentrated  and  redlified  in  France,  at  the  place  of  its  fabrication,  to  66 
<degree8  of  Baume's  hydrometer,  or  fpecific  gravity  in  the  ufual  form  1.848.  It  contains 
fulphur,  lead,  vitriolated  tartar,  Glauber's  fait,  alum,  fdenite,  and  particularly  the  nitrous 
and  marine  acid. 
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To  pvrify  U»  ane  hundred  pounds  of  this  vitriolic  acid  is  to  be  mUed  in  a  tirge  bafo* 
of  copper  witli  the  fame  quantity  of  river  water^  and  lUrred  with  a  wooden  fpatufau  Thtf 
snixtmv  inftaxitly  becomes  heated  to  the  boiling- water  point,  and  a  great  quantity  of  ted 
vapour  is  difengaged,  which  has  tlie  faiell  of  aqua-regia,  and  arifes  from  the  nitrous  and 
marine  acids.  When  this  mixture  is  madei  it  is  proper  to  immerfe  the  bafon  to  a  fuitable 
depth  in  a  large  veflel  of  water,  to  haften  the  cooling.  As  foon  as  it  is  fufficiently  cooled 
it  is  to  be  drawn  off  into  bottles,  and  left  to  become  clear  during  feveral  days.  Great 
part  of  the  fulphur  falls  down.    The  author  obtained  from  four  to  fix  drams. 

A  gallery  reull  be  provided,  on  which  two  rows  of  iron  pots  of  eleven  or  twelve  inches 
in  diameter  are  to  be  properly  placed  for  feparate  fand-baths,  as  M.  Baume  always  pradifed 
in  the  fublimation  of  fal-ammoniac.  By  this  means  the  retorts  are  ifolated^  and  if  on^ 
breaks,  the  acid  cannot  diffufe  itfclf  and  break  the  others  in  its  vicinity.  An  empty  retQH  is 
then  to  be  placed  in  each  pot,  and  covered  with  fand.  In  this  way  they  are  much  more 
convenient  to  arrange,  and  are  attended  with  no  rifk. 

The  acid  is  in  the  next  place  to  be.  decanted  and  conveyed  into  the  retorts  by  a  fyphon 
funnel,  and  the  rectification  proceeded  upon  until  it  becomes  perfeftly  white.  Toward* 
the  end  of  the  operation  a  fmall  quantity  of  fulphur  fublimes  in  the  neck  of  the  retort. 
Inftead  of  receivers  a  fmall  glafs  cup  is  placed  beneath  the  aperture  of  each  retort,  in  order 
to  facilitate  the  difllpation  of  the  nitrous  and  m-arii'.e  acids. 

When  the  acid  in  the  retorts  is  fuiBciently  cooled,  it  is  poured  a  fecond  time  into  the 
copper  bafon,  and  mixed  with  loo  pounds  of  river  water,  as  at  firft,  and  again  concen* 
trated  in  the  retorts  till  it  becomes  perfe£lly  clear.  Sulphur  has  been  <iiFord^d  in  fome 
inftances  by  the  fecond  redlification.  The  liquor  which  dilUlls  is  received  in  the  cups  as 
before,  and  the  acid  in  the  retorts  is  then  fufficiently  pure:  that  is  to  fay,  it  in  purified  from 
all  volatile  matter.  The  lead  and  neutral  falts  (till  remain  combined  with  the  acid» 
but  fortunately  they  can  in  no  refpe£):  injure  the  purity  of  the  marine  acid. 

This  concentrated  acid  exhibits  68  degrees  by  the  hydrometer,  or  (peciHc  gravity  1.895* 
It  ftill  contains  a  portion  of  gas,  but  fo  fmall  in  quantity  as  not  to  injure  the  purity  of  the 
marine  acid,  to  which  it  only  gives  the  property  of  cryltallifing  when  the  temperature  of 
the  air  is  near  the  freezing  point.   ^ 

During  the  refiification  of  this  acid,  what  firft  comes  over  is  mere  vtrater,  and  muft  be 
thrown  away ;  but  that  which  fucceeds  is  the  aqueous  acid.  If  this  be  fet  apart,  and  con« 
centrated,  a  confiderable  quantity  of  vitriolic  acid  is  obtained  of  the  greateil  purity.  As 
it  has  been  carried  over  in  diftillation,  it  contains  no  foreign  matter. 

The  author  attempted,  but  in  vain,  to  diflipate  the  nitrous  acid  from  the  acid  of  vitriol 
by  ebullition  in  an  open  vefTel  without  concentration.  The  experiment  v^as  ifnade  with 
50  pounds  of  common  vitriolic  acid  and  60  of  river  water.  This  was  kept  boiling  in  the 
copper  bafon  for  four  days,  water  being  added  from  time  to  time  to  fupply  the  lofs  by  eva-> 
poration.  The  copper  bafon,  by  weighing  before  and  after  the  operation,  had  loft  by  folution 
no  more  than  ten  drama  of  copper.  The  acid  was  blue,  but  became  white  as  ufual  during 
the  re£lification  in  the  retorts.  From  this  experiment,  as  the  author  obferves,  it  is  feen 
not  only  that  the  nitrous  acid  cannot  be  diflipated  by  fimple  ebullition  without  concen- 
tration, but  that  the  adion  of  the  vitriolic  acid  upon  copper  is  extremely  flight. 

The  marine  acid  is  to  be  difengaged  from  common  fait  by  the  application  of  this  vitriolic 

acid 
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«cid  in  th/ufual  manner.  But  as  M.  Baume*s  experience  led  him  to  various  fimple  manU 
pulatioifs  and  remarks  of  importancci  and  more  cfpecially  as  he  confiders  the  dercription 
of  this  procefs  as  part  of  the  new  art  of  bleaching  filk,  he  has  annexed  it  to  his  memoir. 

The  vitriolic  acid  obtained  by  the  foregoing  procefs  being  too  concentrated^  muft  be  di- 
luted in  the  copper  bafon  as  before  with  river  water.  It  is  convenient  to  add  18  ounces 
of  water  to  each  pound  of  the  ncid,  becaufe  the  marine  acid  is  not  wanted  in  a  (late  of  high 
concentration.  This  mixture  ought  to  give  35  or  36  degrees  by  Baumc's  hydrometer; 
which  lad  anfwers  to  a  fpeciiic  gravity  of  i*333*  When  it  is  cold  it  may  be  preferved  in 
bottles  for  ufe. 

In  the  next  place,  four  pounds  of  marine  fait  dried,  becaufe  in  that  ftate  it  pours  bed,  is 
to  be  put  into  a  retort  of  the  capacity  of  five  or  C\x  French  pints,  or  Englifh  quarts. 
This  may  be  done  by  means  of  a  paper  funnd,  or  a  long-necked  funnel  of  glafs,  which  muft 
onter  the  body  of  the  retort  in  or(ier  that  the  neck  may  remain  clean.  A  number  of  thcfe 
mud  be  difpofcd  on  a  gallery  in  two  oppofite  rows,  with  the  necks  properly  enclofed  aiid 
enveloped  in  fand  as  ufual. 

A  bottle  or  gauge  being  provided  of  fuch  a  fize  as  by  previous  experiment  is  known  to 
hold  four  pounds  of  the  vitriolic  acid  before  mentioned ;  this  quantity  of  the  acid  muft  be 
meafured  into  each  of  the  retorts  by  means  of  a  curved  funnel,  the  tube  of  which  may 
pafs  into  the  body,  to  prevent  the  acid  being  fpilled  in  the  neck.  If  neverthelefs  a  few 
drops  (hould  f^ll,  no  inconvenience  will  follow,  a»  this  pure  acid  is  not  detrimental  to  the 
bleaching  procefs. 

The  fupports  for  the  receivers  arc  then  to  be  placed,  and  thtf  receivers  applied,  each  being 
^  pierced  with  a  fmall  hole.  The  junAures  are  to  be  made  good  with  pafted  paper,  and  the 
diftillation  begun.  A  gradual  heat  is  to  be  applied  until  the  fluid  boils  gently.  The 
marine  acid  which  firft  rifes  is  volatile  and  expanfible  *,  and  requires  the  fmall  holes  of  the 
recdver  to  be  occafionally  opened ;  but  after  one  fourth  part  of  the  time  of  diftillation 
the  acid  comes  over  freely,  and  the  vapours  ceafe  to  be  elafttc. 

This  diftillation  lafts  two  days ;  but  It  is  practicable  to  avoid  fitting  up  the  intermediate 

night.    The  fire  muft  be  fo  managed  that  the  contents  of  the  retort  may  be  very  liquid  in 

the  evening :  if  it  begins  to  thicken,  there  is  reafon  to  apprehend  that  it  may  be  too  hard 

the  next  day ;  in  which  cafe  the  heat  will  dilate  the  concrete  matter  before  it  liquefies, 

'  and  break  the  containing  veflel. 

Towards  the  clofe  of  the  diftillation  the  matter  fwells  up  conftderably.  When  this 
happens,  it  is  proper  to  empty  the  receivers,  and  raife  the  retorts,  that  more  fand  may  flow 
in  beneath  them.  When  the  matter  is  dry,  and  nothing  more  comes  over,  the  operation 
is  finifhed. 

Each  retort  affords  five  pounds  of  marine  acid,  of  the  ftrength  of  14  or  15  degrees ; 
fpecific  gravity  1.114.  When  the  retorts  are  half  cooled,  ohe  pound  of  hot  river  water  is  to 
be  poured  into  each,  and  the  diftillation  being  refumed  aflfbrds  94  ounces  of  the  fame  marine 
acid  from  each  retort. 

It  is  remarkable,  that  in  this  procefs  fome  of  the  retorts  afford  the  colourlefs  and  fome 
the  yellow  acid  \  which  is  an  obje£t  of  no  confequence  with  regard  to  the  bleaching.  The 
author  thinks  the  yellow  colour  is  owing  to  a  portion  of  fulphurftill  remaining  in  the 

*  It  might 4)c  of  advantage,  cvrn  in  the  large  way,  to  adapt  a  fimple  pneumatic  apparatus  to  condeafeche 
Sarine  acid  air  in  water,  «s  is  ofoal  in  philoibphical  proctrflTcs.    N. 

N  a  vitriolic 
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vitriolic  acid.  And  if  from  curiofity  the  produfts  of  feveral  of  the  retorts  be  t%ceived  in 
eight  different  parts>  it  will  be  feen  that  in  fome  the  acid  which  pafles  firft  is  the  moil 
concentrated)  and  gives  20  degrees  by  the  hydrometer ;  that  the  produ6is  diminiih  fuc-> 
ccfTively  in  the  progrefs  of  concentration^  till  the  lad  exhibits  fometimes  no  more  than 
eight  degrees ;  but  that  others^  afford  the  mod  concentrated  acid  at  the  beginning  and 
end>  while  that  in  the  middle  of^he  diftillation  is  the  weakell.  All  thefe  produ&s  mixed 
together  aiTord  a  mean  refult  of  14,  151  or  16  degrees'*. 

The  hard  compaA  faline  matter  in  the  retort  confifts  of  much  Glauber's  fait,  and  a 
fmall  quantity  ot  undecompofed  common  fait.  M.  Baume's  method  of  extracting  it  is 
fimple  and  ingenious.  He  fills  the  retort  with  water,  corks  it|  and  inverts  it  in  an  open 
veflel  alfo  containing  water,  over  which  is  fixed  a  board  with  holes  for  receiving  the 
neck  of  the  retort,  ft  is  proper  that  the  faline  mafs  (hould  be  detached,  which  foon 
happens  in  the  filled  retort,  and  fuffered  to  Hide  down  towards  the  neck  before  it  is  placed 
in  the  hole  of  the  board.  '^Fhe  cork  is  then  taken  out,  and  by  that  means  the  water  in  the 
retort  communicates  with  that  of  the  open  veiTel.  As  the  fait  diflblves,  the  brine  flows 
down,  and  is  replaced  by  purer  water  from  below,  which  from  its  lefs  denfity  rifes  to  the 
uppermoft  place  in  the  retort.  In  this  way  the  evacuation  is  made  in  two  days  witliout 
trouble,  which  could  not  fafely  be  efie£led  in  eight  or  ten  days  by  fucceflive  filling  and 
emptying  the  retorts. 

M.  Baume  concludes  his  memoir  by  defcribing  the  method  of  giving  a  bright  yellow  to 
filk,  whether  raw  or  bleached.  For  this  purpofe  ten  gros  or  drams  of  nitrous  acid  are  to 
be  mixed  with  one  pound  of  alcohol,  and  into  this  a  few  ounces  of  filk  are  to  be  immerfed, 
and  kept  on  the  water  bath  at  between  30  and  40  degrees  of  Reaumur,  or  100^  and  130®  of 
Fahrenheit.  The  filk  acquires  a  tarnilhed  brown  colour,  and  muft  be  cleared  of  its  acid  by 
wafliing  in  feveral  waters,  and  afterwards  fcoured  with  foap  in  the  ufual  manner.  When 
thus  cleaned  and  dry,  it  has  the  Appearance  of  gold  threads  when  feen  in  the  fun's  Ught. 
Different  (hades  may  be  given  by  keeping  it  a  ihorter  time  in  the  acidulated  fpirit  1  all  which 
are  equally  permanent,  and  refift  wafliing  and  every  other  teft.  The  author  propofes  them 
to  be  ufed  in  articles  of  furniture  wrought  in  defigns  which  require  light  and  fliade. 
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MATHEMATICAL  CORRESPONDENCE. 

In  order  to  accommodate  fuch  mathematical  correfpondents  as  may  refide  at  a  cKftance 
from  the  metropolis,  and  are  difpofed  to  contribute  to  this  part  of  the  work^  the  Iblutiona 
to  the  quellions  propofed  in  any  number  of  the  Journal  will  be  uniformly  given  the  fecond 
month  after  their  publication ;  but  it  is  requefted  that  they  may  be  fent  as  early  as  polfiUe^ 
that  proper  time  may  be  allowed  to  prepare  them  for  infertion* 


QUESTIONS  pr<^fedfir  Solution. 

Question  ni.  By  ANAimcus. 

IT  IS  required  (b  determine  the  odds  againft  the  dealer,  at  the  game  of  whift,  having  all 
the  thirteen  trumps  in  his  own  hand. 

*  For  the  corrtfpondent  fpccific  graviuct  fee  p.  39  of  this  JoumaL 
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Question  IV.  By  J.  B. 
GIVENr  the  time  in  which  mercury  is  raifcd  to  the  boiling  point  by  the  heat  of  a  furnace^ 
and  the  rate  of  cooling  per  minute,  after  it  has  been  removed,  to  determine  the  heat  of  the 
furnace,  or  that  to  which  the  mercury  has  been  ezpofed. 


SCIENTIFIC   NEWS. 

X  HE  particular  memoirs  contained  in  the  four  iirft  cahiers  of  the  Journal  of  the  Poly- 
technic School  at  Paris  are  thirteen  in  number^ :  two  on  ftereotomy;  one  on  fortification ^ 
Cx  on  chemiftry ;  three  on  general  phyfics  \  and  one  on  the  application  to  the  arts. 

The  memoirs  of  ftcreotomy  treat :  i.  On  the  determination  of  tints  in  defigns,  by  feveral 
pupils  of  the  fchool ;  and  2.  On  the  curve  lines  of  the  furface  of  the  cllipfoid,  by  Monge. 

The  folution  of  the  interefting  problem  of  the  determmation  of  tints  is  deduced  from  the 
leflbns  which  Monge  has  given  upon  perfpe£iive.  This  folution  depends  on  the  funda- 
mental principle,  that  all  bodies  refleft  the  white  rays;  and  that  the  quantity  of  rays  of  this 
colour,  refle£led  from  each  point  of  a  body,  depends  on  its  polifii,  and  the  angles  formed 
by  the  incident  and  refle£led  rays  which  come  to  the  eye ;  that  the  more  white  rays  are 
refleded,  the  more  luminous  the  body  will  appear  \  and  on  the  contrary^  the  kfs  of  thefe 
rays  are  refle£led,  the  more  obfcure  it  will  be. 

All  poliflied  bodies  prefent  a  white  fpot  or  line ;  the  line  is  vifible  upon  cylinders^ 
cones,  &c. ;  the  point,  upon  furfaces  of  double  curvature. 

When  bodies  are  perfedUy  poli(hed,  a  white  point  or  determinate  furface  is  perceived  ; 
but  when  they  are  obfcurci  a  fucceflive  degradation  of  tints  is  feen,  which  depends  on  the 
form  of  the  body. 

From  the  point,  the  line,  or  the  moft  enlightened  furface,  it  is  poflible  to  trace  a  fucceflion 
of  curves  of  equal  tint :  thefe  are  the  curves  of  which  the  authors  of  this  memoir  have  in 
the  firft  place  determined  the  equation,  and  afterwards  fought  to  afcertain  the  law  of  the  de- 
gradation of  the  tints. 

If  it  be  afTumed  that  any  tint  laid  on  white  paper  win  poflefs  an  intenfity  dependent  on 
the  quantity  of  colour  fpread,  and  the  proportion  of  white  points  left  uncovered,  the 
authors  of  the  memoir  have  fought  to  detennine  whether  the  law  of  the  application  of  tints 
upon  each  other  ought  to  depend  on  their  degradation :  by  thi$  means  they  have  fucceeded 
in  giving  the  theory  of  wafhed  tints,  properly  fo  called. 

The  folution  of  diis  problem,  fo  interefting  to  thofe  who  cultivate  the  art  of  defign,  and 
are  capable  of  purfuing  the  calculation  k  demands,  proves  the  extended  knowledge  to  which 
the  pupils  have  arrived,  and  the  progrefs  they  daily  make,  under  their  Inftitutor. 

The  memoir  on  the  curve  lines  of  the  furface  of  the  ellipfoid,  which  Monge  has  given  in 
the  fecond  cahier  of  the  Journal  Polytechnique,  contains  an  application  of  the  property  of 
curve  furfaces  with  regard  to  their  curvature,  to  the  configuration  of  ftones  for  arches. 

The  joints  of  arch-work  ought  to  be  made  agreeable  to  a  number  of  conditions  % 
the  chief  of  which  are :   ''  i  •  They  muft  be  everywhere  perpendicular  to   the  arch, 

f  This  Analjfii  it  onnflated  from  the  Joumsl  dcs  Sqaraii  p»  1 17* 
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m  order  that  the  angles  of  two  contiguoiis  key-ftones  being  refpe6live1y  equal,  Ykey  may 
alike  refill  difunion  by  the  a£lioii  they  exercife  upon  each  other.  2*  They  muft  be  per- 
pendicular between  the  ftones,  for  the  fame  reafon.  3.  They  muft  be  generated  by  the 
^motion  of  a  right  line ;  for  the  furfaccs  generated  in  this  manner  are  alone  fufc^ptible  of 
ibeing  accurately  wrought ;  and  it  is  necefTary  that  the  joints  of  the  contiguous  ilones  fhould 
be  perfeftly  well  executed,  becaufe  rcry  flight  irregularities  would  produce  a  rupture  of 
the  arch." 

AW  thefe  conditions  may  be  obtained  by  dividing  the  curved  furfaces  of  a  vault  by  lines 
drawn  from  the  one  to  the  other  of  the  two  curves ;  and  formed  by  the  movement  of  a 
point  of  the  furface  which  meets  a  feries  of  normals  placed  in  the  fame  dire£kion.  Xhe 
didance  between  thefe  lines  muft  be  a  finite  quantity,  dependent  on  the  nature  of  the 
materials.  vj 

*'  The  operations  of  artifts  having  been  conftantly  dire£led  to  this  general  folution,  they 
have  obtained  it  only  for  the  moft  eaff  cafes  of  cylindric  and  conical  furfaces,  and  fuch  as  arc 
generated  by  the  revolution  of  a  plane.  But  witli  regard  to  curved  furfaces  of  which  they 
•know  not  th^  lines  of  curvature,  they  almoft  generally  excluded  them  from  the  conftrudion 
of  arches,  even  when  circumflances  urgently  demanded  them  \  and  it  is  principally  to  this 
that  we  are  to  attribute  the  bad  eficft  generally  produced  in  architefture  by  leaning  arches, 
>or  portions  of  arch-work  (les  morceaux  de  trait  de  coupe  des  pierres),  becaufe,  in  order  to 
-render  this  pra£ticable,  a  furface  or  curvature  b  chofen  for  the  arch  which  is  iiot  always 
iuch  as  the  nature  of  things  demands." 

The  example  chofen  by  Monge  for  the  application  of  his  principles^  is  apparently  the 
<xnoft  happy  he  could  have  felecied  in  the  prefent  fituation  of  the  French  government,  in 
which  archite£ls  are  bufied  in  the  con(lru£lion  of  halls  dcftiiied  for  the  fittings  of  the  Le- 
•giflative  Council.  Now  the  form  mod  favourable  to  the  diftribution  of  the  members  of 
a* deliberative  afTembly,  and  the  fituation  of  the  orator,  is  the  elliptic  curve  commonly 
•called  an  oval.  From  the  proje£lion  of  thefe  curves,  traced  on  the  deGgns  at  the  end  of 
this  memoir,  it  may  be  feen  what  agreeable  and  lelegant  forms  are  tlius  produced ;  and 
how  eminently  the  architect  may  avail  himfelf  of  the  principles  here  eftabliftied,  even 
for  the  objefts  of  decoration.  Students  in  architetShire  will  find  this  memoir  highly 
deferving  of  their  perufaL  It  will  more  and  more  convince  them  of  the  immcnfe  refourccs 
jafTorded  by  the  ftudy  of  (lereotomy  for  the  folidity  of  conftru£lion,  and  even  for  beauty  of 
new  forms,  afforded  by  this  theory  to  the  fyftem  of  ornament. 

The  art  of  fecuring  thofe  who  defend  a  rampart  from  the  (Iroke  of  balls  and  (hot  is 
known  in  French  by  the  term  deJUement.  Say,  affiftant  profeflbr  in  the  Polytechnic 
School,  has  given  a  memoir  on  this  fobje^t  in  the  fourth  caliicr  of  tlie  Journal  of  tliat 
inftitution. 

He  (hews  in  the  firft  place,  that  the  outline  of  tlie  defilement  is  the  fame  as  that  of  a 
ihadow  afforded  by  a  row  of  luminous  points  fituated  in  the  fpace  from  which  tlie  de- 
fenders of  a  fortification  may  be  fired- on. 

He  divides  his  ground  into  two  parts :  the  exterior  fpace  in  which  the  attacking  party  may 
le  placed,  and  the  interior  fpace  which  is  to  be  defeuded. 

He  examines  the  art  of  fecuring  a  work  (de  filer)  in  two  different  cafes :  i.  That  in 
'which  the  parapet  is  determined.     2.  That  in  which  the  ground  plan  is  given,  but  not  ab- 

folutely 
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fotutely  the  ftlief  or  profile.    To  thefe  two  cafes  he  adds  certain  rules  for  tracing  for* 
tifications,  de<l\iced  Hngly  from  confiderations  relative  to  their  defilement. 

%^k  three  queilions  are  preceded  hj  fome  preliminary  notions ;  and  by  the  method 
in  which  Say  has  treated  his  fubje£^,  we  have  acquired  in  this  memoir  a  more  com- 
plete treat! fe  than  any  which  has  yef  appeared  on  defilements.  He  has  the  merit  of 
hiving  fixed  with  cleamefs  and  preciGon,  a  feries  of  principles  which  hitherto  have  been 
only  tranfmitted  in  a  fugitive  and  as  it  were  traditional  manner^  in  the  School  de  Me- 
zicres,  appropriated  to  the  indrufiion  of  the  eleves  du  genie,  and  deftined  again  to  receive 
them,  according  to  the  meffage  long  ago  fcnt  from  the  Government  to  the  Legiflative  Body. 

The  fix  memoirs  of  chemiftry  are:  i.  Defcription  and  ufe  of  ap  eudiometer  of  fulphate 

of  pot-afh  (liver  of  fulphur),  by  Guyton.     2.  Obfervations  on  the  eudiometric  properties 

of   phofphorus,  by  Berthollet.     3.  Analyfis  of   the    calcedony  of   Creufot,  by  Guyton. 

4.  Experiments  on  the  fufibility  of  earths,  and  their  habitudes  with  faline  fluxes,  together 

with  the  folvent  aCxioii  they  exert  on  each  other,  by  Guyton,     5.  Experiments  on  the- 

formation  of  the  colouring  prulfic  principle,  by  Bonjour.     6.   The  properties  of  the  fuU 

phureous  acid,  and  its  combination  with  earths  and  alkaline  bafes,  by  Fourcroy  and. 

Vauquelin. 

[To  be  continue  J.J 
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Travels  in  Hungary,  with  a  (hort  Account  of  Vienna  in  the  Year  1793.  By  Robert 
Townfon,  1-L.  D.  F.  R.  S.  Edin.  &c.  &c.  Illuftrated  with  a  map  and  fixteen  other  cop- 
per-plates. 4to.  506  pages  including  the  Index.     Printed  for  Robinfon.     Price  il.  is. 

To  thofe  who  attend  chiefiy  to  diplomatical  politics,  or  the  balance  of  power,  the  king- 
dom of  Hungary  will  probably  aflbrd  an  obje£l  of  fubordinaXe  value ;  but  on  the  larger,, 
more  extended  and  important  confiderations  of  internal  government,  political  economy, 
and  the  ftate  of  man  with  regard  to  fcience  and  manners  in  the  progreft  of  civilization,  it^ 
will  prove  highly  interefting.  Mr.  Townfon  has  publifhed  the  prcfent  work  from  the  corw 
refted  notes  of  a  five-months*  tour  j  in  which  thefe  and  other  objefts  of  utility  and  enter-, 
tainment  have  engaged  his  attention.  As  I  hope  (hortly  to  give  a  fuller  account  of  this 
work,  the  prefent  notice  is  intended  only  to  announce  the  publication  of  a  valuable  and  en«* 
tertaining  book. 

The  Hiftoire  Naturelle  of  Valmont  dc  Bomare,  rangee  par  ordrc  dc  matieres  par 
L.  ^londetin  of  the  Univerfity  of  Bile,  ornamented  with  coloured  plates  engraved  by 
J.  J.  de  Mcchel,  was  announced  for  publication  in  the  middle  of  February  lafl,  in 
the  Decade  Philofophique,  Sec.  It  will  be  printed  at  Bale;  and  the  Quadrupeds  were 
then  ready  for  the  prefs.  It  will  amount  to  about  1 50  (beets,  or  6  or  7  volumes  in  octavo, 
with  at  lead  the  (tme  number  of  plates-  One  number,  containing  feven  (heets  and  eight 
plates,  will  appear  every  fecond  decade,  or  one  volume  of  three  numbers  every  two  months. , 
The  price  four  livres  per  number,  with  the  figures  plain  ;  or  fix,  if  coloured.  The  fub- 
fcribers  to  the  firft  500  copies  will  have  the  advantage  of  a  dedu£lion  of  one-fourth. .  The 
plates  may  be  had  at  the  price  of  two  livres,  plain ;  or  fix,  coloured. 

Subfcribers  pay  in  advance  for  one  number  or  volume ;  and  the  reft,. on  delivery,  to  Cit; 
a  Ettchsy 
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Tuchs,  bookfcUer^  rue  des  Mathurins,  hotel  de  Cluny^  a  Paris ;  and  at  Bale,  by  Cit.  L.  Blon* 
delu  (perhaps  BIondeKn  as  above),  agrege  i.  rUnlverfite. 

Refutation  de  la  Theorie  Pneumatijue^  isfc.  A  Refutation  of  the  Pneumatic  Theory, 
or  the  New  Do£bine  of  the  Modem  Chcmifta,  prefented  Article  by  Article,  in  a  Series  of 
Replies  to  the  Principles  eolle£ted  and  publilfaed  by  Cit.  Fourcroy  in  his  Philofophie  Chi- 
miquc :  to  which  is  prefixed,  a  Complementary  Supplement  to  the  Theory  exhibited  in  a 
Work  entitled  Rechercbes  fur  les  Caufei  des  Principaux  Faitf  Ph^iques  :  or,  Refearches  into 
the  Caufes  of  the  Principal  PhyGcal  Fa^is,  to  which  this  forms  a  neccflary  Continuation. 
By  J.  B.  Lamarck,  of  the  National  luftitute  of  France.  O£^avo,  481  pages.  Publiflied  at 
Paris,  by  the  AuthoTf  at  the  Mufeum  of  Natural  Hiftory ;  and  by  Agafie,  rue  des  Poitevins. 
L'an  4. 

I  have  not  yet  procured  the  Recberches  here  mentioned ;  but,  when  in  pofleflion  of  both, 
it  will  become  an  objeft  of  careful  enquiry,  whether  an  abftraA  ol^the  leading  points 
of  difiereoce  in  diis  aothoi^s  theory  and  that  which  he  attempts  to  refute  may  be  of  value  to 
the  fcientific  world. 

Specimens  of  Britifli  Minerals  fele£led  from  the  Cabinet  of  Philip  Raihleigh,  of  Mena« 
billy,  in  the  county  of  Cornwall,  Efq.  M.  P.  F.  R.  S.  and  F.  A.  S.  ^th  general  defcriptions 
of  each  article :  4to — 56  pages — 33  plates  coloured.    Nicol  and  White.  Price  aU  1 2s.  6d. 

This  magnificent  work  difplays  with  great  effect  the  fpecimens,  chiefly  confiding  of  tin, 
copper  and  lead  ores,  with  calcareous  fpars  and  quartz.  The  defcriptions  are  intended  to 
complete  the  knowledge,  in  part  and  very  ftrikingly,  conveyed  by  the  plates.  Little  is  faid 
in  general  concerning  analyfis,  x>r  the  component  parts. 

Cit.  Prony,  of  the  French  National  Inftitute,  has  publiflied  the  fecond  part  of  the  Nouvelle 
ArchiteBurf  Hjdraulique.  This  part  contains  the  defcription  of  (team  engines.  It  is  fold  by 
Firmin  Didot,  No.  116,  ruede  Thionville.  Quarto,  240  pages,  with  40  plates.  Price  40  liv. 

M.  Lalande,  in  the  Journal  des  S9avans  page  125,  gives  the  following  account  of  this  work: 
^'  Since  the  appearance  of  the  firft  part  of  tlie  ArchiccAure  Hydraulique  in  1 790,  the  pub- 
lic has  waited  with  impatience  for  the  continuation.  This  part  is  a  complete  Treatife  on 
Steam  Engines.  It  contains  new  experiments  on  the  expanfive  power  of  heat  \  an  account 
of  pumps  which  have  the  pifton  a£ted  on  by  the  fteam  alternately  on  both  fides  (pompes  a 
double  ciTet),  and  thofe  which  are  fimple ;  inftrudtions  for  difpofing  the  latter  to  aft  in  the 
manner  of  the  former ;  the  theory  of  the  right-lined  motion  of  the  pifton  by  a  combination 
of  circular  movements  ^  and  a  method  of  interpolation  applicable  to  phenomena  which 
depend  on  elaftic  fluids.  The  analytic  part  of  this  work  is  no  lefs  curious  than  the  mecha- 
nical and  experimental  parts.  No  one  but  a  geometer  could  have  treated  thefc  fubjcAs  in,a 
manner  fo  perfpicuous  for  the  karncd  ;  nor  could  a  leCi  able  engineer  have  rendered  them 
fo  fatisfaAory  to  praftical  men." 

Citizen  Gamier,  ProfefTor  of  Mathematics,  has  added  feveral  ufeful  explanations  of  parts 
of  the  firft  volume  of  Citizen  Prony,  which  render  this  work  flill  more  complete* 
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ARTICLE    T. 

A  Letter  from  M.  de  HuMBOLDT  to  M.  PlCTET^  on  the  Magnetic  Polarity  of  a  Mountain 

of  Serpentine  *. 

jTjlT  the  beginning  of  the  eighteenth  century  the  attention  of  natural  philofophers  was 
entirely  fixed  on  the  phenomena  of  roagnetifm.  The  progrefs  which  has  fince  been  made 
in  the  theory  of  cleAricity,  and  the  preponderance  which  chemiftry  has  acquired  over  all 
the  other  branches  of  natural  hiftory,  have  diminifhed  the  intereft  with  which  enquiries 
into  the  nature  of  the  magnetic  fluid  ought  to  have  been  purfued.  It  is  true  that  your 
celebrated  countrymen  MefTrs.  de  Saufliire  and  Frev.ot  have  given  vigour  to  this  purfuit  by 
difcoveries  worthy  of  their  fagacity  :  the  fir(l>  by  inventing  an  inftrument  capable  of  mea- 
furing  the  comparative  intenfity  of  the  magnetic  forces  in  different  regions  of  the  globe  ; 
and  the  other,  by  reducing  the  laws  of  polarity  to  the  (imple  laws  of  attradion.  But  thefe 
difcoveries  have  not  afforded  inducement  fufficient  to  lead  philofophers  into  a  path  fo  ho- 
nourably explored.  The  moft  valuable  work  on  the  origin  of  magnetic  forces  has  been' 
negle£ted»  together  with  the  calculations  of  the  ingenious  Coulomb^  and  his  experiments  • 
with  the  balance  of  Torfion. 

Having  traverfed  with  the  compafs  in  my  hand  great  part,  of  the  mountains  of  Europe,  I 
became  convinced  that  declinations  caufed  by  maiTes  of  iron  in  beds  or  iu  veins  are  in- 
finitely Jlefs  frequent  than  naturalifts  affirm.  The  obfervations  which  Meflirs.  de  Sauflure 
and  Trembley  have  made  on  the  fummit  of  Cramont  f ,  appear  to  me  the  more  curious,  as 

*  I  received  this  communication  in  manufcript  from  the  Right  Hon.  Sir  Jofeph  Banks,  Bart.  P.  R.  S.  S^c, 
It  is  written  in  French,  under  the  title  of  *<  Lettrc  quatrieme  de  M.  de  Humboldt  a  M.  Pi£tet,  fur  la  Polarirc 
Magnetiquc  d*unc  Montagne  de  Serpentine.''  The  fame  liberal  promoter  of  fcience  has  favoured  mc  with  a 
fpecimen  of  this  rock,  with  permiifion  to  make  experim«:nts  upon  it.  A  few  obfervaiiont  on  thrs  fpecimen  arc 
added  at  the  end  of  this  memoir.     N. 

i  Voyage  dans  les  AIpcs,  T.I.  p.  373,— T.  IJ,  p. 343. 
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it  (lands  alone,  and  prefents  to  our  knowledge  a  very  extended  image  of  the  dimen (ions 
of  magnetic  fpheres.  It  is  among  the  Alps  of  Sweden  and  Norway,  thofe  northern  regions 
which  nature  has  enriched  with  an  enprpfious  d^pofit  of  iron  lefs  oxided  than  in  our  country^ 
that  we  were  entitled  to  6xpe£t  fimilar  phenomena. 

I  haflen  to  communicate  to  you  a  difcovery  I  made  in  the  month  of  November,  and 
which  appears  to  me  of  confiderable  importance  in  the  progrefs  of  geology.  You  are  ac- 
quainted. Sir,  with  the  laws  and  the  harmony  which  I  have  obferved  in  the  direction  and 
iadinatioD  of  the  primitive  (Irafca,  from  the  banks  of  the  Mediterr^inean  to  thofe  of  tlie 
Baltic  Sea.  Yon  have  even  condefcended,  jointly  with  our  friend  Dolomieu,  to  exprefs  an 
intereft  with  regard  to  this  laborious  undertaking;  which,  in  more  fkilful  hands  than  mine, 
would,  I  am  well  aflured,  throw  great  light  on  the  conftru£tion  of  the  globe.  I  traverfed 
the  chain  of  mountains  of  the  High  Palatinate  and  the  margraviate  of  Bayreuth;  and  I  found. 
In  the  bottom  of  the  Fichtelgebirgc,  between  Munichberg  and  Goldcronach,  an  ifolated  hill, 
which  rifes  to  the  elevation  of  fifty  toifes  above  the  furrounding  plain.  Its  height  above  the 
level  of  the  fea  may  be  eftimated  at  two  hujidred  and  eighty,. or  three  hundred,  toifes.  This 
hill  extends  in  length  from  weft  to  eaft,  and  forms  a  pyramid  extremely  obtufe.  The  rocks 
which  crown  the  fummit  or  ridge  are  compofed  of  ferpentine  oi  conGderable  purity, 
which,  by  its  colour  and  foliated  fra^ure,  approaches  in  various  parts  to  the  chlorithfchiefer 
of  Werner  (fchijloui  chlorite).  This  ferpentine  is  drvided  into  ftrata  rather  diftin£t,  of 
I  which  the  inclinaticMi  to  the  north-weft  prefents  an  angle  between  60  and  65  degrees.  It 
repofes  on  a  foliated  granites,  mixed  with  hornblende ;  a  mixture  which  we  diftihguifli  by 
the  name  of  fyenite.  I  approached  this  ferpentine  with  the  compafs,  in  order  to  detern^tne 
more  accurately  the  angle  it  formed  with  the  meridian.  The  magnetic  needle  was  in  a 
ftate  of  continual  agitation.  I  advanced  two  fteps  farther,  and  be!held  that  the  north 
pole  was  entirely  turned  to  the  fouth.  I  called  two  friends,  MeiTrs.  Godekmg  amd  Kll- 
iingcr,  who  afliftcd  me  in  my  geological  purfuits ;  and  we  were  alike  penetrated  with  that 
joy  which  the  coniemplation  of  intcrefting  phenomena  produces  in  the  minds  of  -thinking 
men.  I  fliall  not  detiin  your  attention  by  a  full  recital  of  our  obfervations ;  but  fhalT 
merely  prefent  the  refults,  ro  which  I  may  hereafter  make  additions,  if  my  occupation's 
(hould  not  lead  me  from  tHis  part  of  Germany. 

The  aftion  of  this  mountain  of  ferpentine  upon  the  magnet  (hews  itfclf  in  a  very  curious 
manner.  The  uncovered  rocks  which  are  fcen  on  the  northern  flope,  and  thofe  on  the 
declivity  towards  the  fouth,  have  poles  diredly  oppofitc.  The  former  exhibit  only  fouth 
poles,  and  the  latter  north  poles.  The  whole  mafs  of  foliated  ferpentine  docs  not  therefore 
poflcfs  a  fingle  magnetieal  axis,  but  prefents  an  infinity  of  different  axes  perfcflly  parallel  to 
each  other.  This  parallelifm  alfo  agrees  with  the  magnetic  axis  of  the  globe,  though  the 
poles  of  the  ferpentine  are  inverted  j  fo  that  the  northern  pole  of  the  hill  is  oppofed  to  the 
■  fouth  pole  of  the  earth.  The  eaft  and  weftern  (lopes  prefent  what  in  the  theory  of  rhag- 
nerifm  would  be  called  points  of  indiflerence.  The  magnet  does  not  at  this  part  appear 
to  be  in  any  refpeft  affeftcd,  though  the  fubftance  of  the  rock  difl^s  in  no  external  cha- 
rafter  from  the  other  parts.  It  is  the  fame  on  the  fouth  fide  of  the  fummit  *.  I  have  ob- 
ferved not  only  that  the  magnetic  axes  are  not  difpofcd  in  the  fame  horizontal  plane ;  but  I 

*  I  fiifpc^l  an  error  of  the  copyift,  as  the  words  "  II  en  eft  de  mcmc  du  cutc  meridional   de  la  fommitc" 

contfjdift  ilic  general  dcfcriptioa  immediately  preceding.     N. 

have 
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hare  likewife  remarkedy  that  two  pointSi  of  which  the  z(\}.m  is  very  ftrong,  are  joined  by 
rocks  which  do  not  exert  the  leaft  attra^ion.  The  chemical  anaiyCs  of  thefe  compounds 
affords  the  fame  refults  \  and  it  would  be  no  lefs  difficult  to  difcover  any  difference  of  ag- 
gregation between  them,  than  between  iron  which  has  received  the  touchy  and  other  iron 
which  had  never  acquired  the  magnetic  power. 

On  this  occaGon  a  queftion  prefents  itfelf  which  cannot  be  refolved  in  lefs  than  half  a 
century.  I'he  tables  founded  on  the  obfervations  of  Picard^  La  Hire,  Maraldi,  Caflini,  and 
Le  Monnjeri  (hew  that  the  needle  has  declined  fince  1660  towards  the  weft  1  and  that  this 
declination  continues  to  inccpafe,  though  the  ofcillations  caufed  by  the  heats  of  the  fouth» 
and  the  temperature  of  the  feafons,  often  produce  a  retrograde  courfe.  If  the  magnetic 
axis  of  our  mountain  were  aflronomically  determined  by  the  culmination  of  the  ftars, 
ivhether  its  dire£tion  would  remain  the  fame  until  the  year  1850,  or  whether  its  fouth^pole 
would  turn  towards  the  weft,  in  corme£tion  with  the  variation  of  the  magnetic  needle  ? 
From  our  profound  ignorance  of  the  caufes  of  the  declination,  as  well  as  of  moft  geological 
phenomena,  it  is  not  in  our  power  to  refolve  fo  complicated  a  problem* 

Other  obfervations  equally  intereiling  may  be  made  on  the  identity  of  magnetic  forcesw 
I  have  difcovered  a  mafs  of  rocks  which  afFe£l  the  needle  at  the  diftance  of  twenty-two  feet. 
With  an  apparatus  fimilar  to  the  magnetometer  of  M»  de  Sauirure,.we  might  obibrve  whether 
the  intenfity  of  the  forces  of  magnetic  a£iion  remains  the  fame  in  winter  and  in  fummer ; 
whether  it  be  ftronger  in  the  morning,  at  noon,  at  the  folftices,  during  the  aurora  borealis, 
or  in  an  atmofphere  loaded  with  ele£lric  fluid  ?  I  fuppofe  that  thefe  fame  rocks  might  aA 
on  the  needle  fometimes  at  16,  and  fometimes  at  28  feet  diftance. 

It  has  been  obferved,  that  metals  expofed  to  the  air  gradually  imbibe  the  magnetic  fluid. 
A  flight  oxidation  of  the  iron  feems  to  favour  thiiefte£l.  I  have  my felf  obferved,  that  in 
t  mM^netic  bed  of  iron  thofe  parts  only  which  were  in  conta£b  with  the  air  affe£bed  the 
needle.  This  phenomenon  is  confidered  as  the  efFe£t  of  atmofpheric  ele£lricity.  I  am 
•ware  that  lightning  converts  a*  bar  of  iron  into  a  magnet  \  that  the  difcharge  of  the 
{^eyden  vial  fometimes  increafes  the  intenfity  of  magnetid  forces  ;  but  I  do  not  fee  why  the 
•tmofpheric  eleftricity  (hould  a£l  fimply  on  the  external  furface  of  a  bed  of  magnetic  iron, 
which  is  a  good  conductor  of  the  ele£lric  fluid.  Does  not  the  oxygene  of  the  atmofphere 
lather  a£^  a  part  in  this  operation?  Without  wandering  in  the  fphere  of  probabilities,  I  have 
fhofen  to  adhere  to  enquiries  tefpe£ting  iz&%*  I  have  obferved  the  rocks  which  were 
covered  with  turf,  from  which  I  detached  pieces  that  had  not  been  in  conta£l  with  the  air.. 
I  found  that  the  magnetic  force  was  conftantly  the  fame. 

The  mountains  of  the  Harz  prefent  a  granite  rock  called  the  fchnarcher,  which  is  etevated^ 
m  the  form  of  a  tower,  or  broken  pyramid.   This  granite  likewife  aflfeds  the  needle;  but  it 
m€t%  only  in  the  mafs,  and  in  a  fingle  band  or  perpendicular  vein.  Detached  pieces  (hew  no 
aAion  upon  the  needle.     It  is  to  Mr.  de  Trebra,  celebrated  for  ^  his  refearches  concerning 
the  internal  parts  of  mountains,  that  we  are  indebted  for  this  important  difcovery. 

Some  philofophers  pretend  that  the  fchnarcher  contain  in  their  bowels  a  mafs  of  magnetic 
iron ;  others  prefume  that  a  ftroke  of  lightning  has  caufed  the  magnetic  vein  in  thefe 
mountains.  ^ 

The  nature  of  the  rocks  which  I  have  the  honour  to  prefent  to  your  notice  in  this  paper 

doea  not  admit  of  fimilar  explanations.    The  ferpcntme  not  only  a^  in  a  mafi^  in  its  na-. 
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tural  fituation,  but  all  the  pieces,  when  broken,  to  infinity,  ftill  exhibit  two  rcry  difl;!n£l 
poles.  Pieces  of  five  inches  diameter  ad  on  the  needle  at  the  diflance  of  half  a  fcot.  The 
examination  of  the  magnetic  axes  aflbrds  an  obje£t  of  curious  enquiry.  They  are  moftly 
found  in  a  dire£tion  parallel  to  that  of  the  foliated  grain ;  neverthelefs,  I  have  found  fome 
which  crofs  it  perpendicularly.  Fragments  extremely  fmall,  of  the  magnitude  of  o.oi  of  a 
cubic  line,  {hew  a  very  ftrong  polarity  in  proportion  to  their  mafles.  You  fee  them  turn 
very  faddenly  when  the  poles  of  the  weakeft  magnet  are  fucceffively  prefented  to  them.  It 
is  a  very  ftriking  phenomenon,  that  a  (lone  pofl^^ed  of  fo  high  a  degree  of  polarity  (hould 
exhibit  no  attra£iion  for  iron  which  is  not  magnetifed.  I  have  never  obferved  the  fmalieft 
{)article  of  filings  of  iron  adhere  to  the  Terpentine ;  but  the  Terpentine,  reduced  to  powder^ 
attaches  itfelf  very  readily  to  the  magnet. 

You  will  enquire  with  impatience,  if  it  be  well  proved  that  my  Terpentine  is  not  mixed 
with  magnetic  iron^  whether  this  mixture  may  not  be  fufhciently  intimate  to  enter  into  the 
compofition  of  each  particle  of  the  rock?  I  can  affure  you,  that  i  have  made  the  moil  afli- 
duous  enquiries  in  this  refpefi.  All  my  experiments  were  made  in  conjun£Uon  with  Mn 
Oodeking,  whofe  knowledge  and  abilities  are  a  fufEcient  afTurance  againft  error;  but  we 
were  decidedly  convinced,  that  if  the  magnetic  force  cannot  adhere  to  the  earthy  fub- 
ilances  which  form  the  bafe  of  the  Terpentine,  it  can  be  attributed  only  to  the  oxide  of 
iron  with  which  it  is  coloured.  TheTe  are  our  reafons :  The  rock  has  no  mixture  of  me* 
tallic  fubftances*  It  preTents  only  here  and  there  a  few  fragments  of  talc  or  amianthus ;  but 
neither  pyrites,  nor  Tchoerl,  nor  octahedrons  of  magnetic  iron.  When  reduced  to  very  fiiie 
powder,  it  refembles  pounded  chalk.  The  microfcope  diTcovers  only  earthy  parts,  of  a  clear 
whitifh  green.  The  Tpecific  gravity  of  this  ferpentine  is  very  fmall.  I  find  it  only  from 
(I.9QI  to  2X^4  afiuming  water  to  be  i.o.  There  are  not  confequently  any  minerals  but 
pumice-ftone,  mountain-leather,  and  fome  varieties  of  the  opal,  which  do  not  equal  our 
ferpentine  in  deniity.  The  chemical  experiments  we  have  hitherto  made,  prove  that  jt  con^ 
tains,  like  the  jade  or  lapis  ollaris,  oxided  iron  \  but  not  iron  capable  of  attradion  by  !tie  mag- 
net. The  folutions  in  muriatic  acid,  mixed  with  the  nitric  acid,  are  yellow,  and  not  green  like 
thofe  which  the  micaceous  iron,  and  all  the  ores  which  contain  pure  or  metallic  iron,  afibrd. 

Here  then  is  a  very  ftriking  phenomenon,  namely^  the  polarity  of  fuper*oxigenated  iron. 
We  learn  by  the  valuable  experiments  of  my  celebrated  countrymen  Klaproth  and  Wenzel, 
that  pure  nickel  and  cobalt  are  attra£ted  by  the  magnet ;  we  know  that  iron  flightly  oxided 
(the  black  oxide)  is  alfo  affefled ;  but  how  great  the  difference  between  this  ftate  of  oxida- 
tion, and  that  of  the  iron  which  colours  the  ferpentine,  various  calcareous  ftones,  and 
perhaps  even  certain  vegetable  matters  \  What  difference  between  a  fubflance  which  a£ls 
alike  on  the  two  extremities  of  the  needle,  and  a  ftone  of  which  the  fmalieft  portions  exer- 
cife  a  fpontaneous  polarity  !  Let  us  purfue  the  path  of  obTervation ;  let  us  colledl  indubi* 
table  facls.  By  this  method  the  theories  of  natural  philofophy  will  be  eftablifhed  on  fuiid 
and  durable  foundations* 

Ohfervaiiom  on  the  Stone  which  nvasforwarded  to  Sir  JOSEPH  BANKS  with  the  preceding  Memoir^ 

Description. — IT  is  of  a  blueifh  opake  black  colour,  every  where  interfperfed  with  mi* 
nute  particles  of  a  yellowifh  rather  filky  white,  and  of  no  regular  figure.  No  appearance 
of  fymmetry  or  cryftallization  prefents  itfelf,  except  on  one  >fide,  where  a  rough  indication 

of 
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ef  laminx  Is  feen.  This  is  in  the  dirediioii  of  the  magnetic  poles.  The  tenacity  is  very 
GonCderable,  as  it  was  not  broken  but  by  a  violent  blow  on  a  round  flint.  Hardnefs  be- 
tween 6  and  7  of  Kirwan  j  that  is  to  fay,  it  yields  to  the  knife  and  file,  but  greatly  injures 
thofe  indruments.  Powder  white*  or  greenifli-white.  Fra£lurc  coarfc,  earthy.  Fragt- 
ments  rather  angular.  No  fmell,  nor  adhcfion  to  the  tongue ;  but  when  two  pieces  are 
flruck  together  its  fmell  is  the  fame  as  is  given  in  like  circumilances  by  rock  cryftal.  Under 
the  hammer  it  gives  fire,  but  rarely  with  the  fleel.  Specific  gravity  2.9 1.  Does  not  inv- 
b'lbe  water.  When  touched  with  nitrous  acid,  a  very  flight  eflfervefcence  took  place,  which 
was  general  and  didiutSl,  but  fcarcely  vifibte  without  the  magnifier.  When  ftrongly  urged 
with  the  blowpipe,  it  acquired  an  irregular  light-brown  colour,  and  was  much  lefs  tenacious, 
but  fuflFered  no  other  change.  Acid  of  borax  and  microcofmic  fait  diflblve  it  with  little 
cflRsnrefcence,  and  very  flowly.  The  glafs  of  the  former  is  clear  green,  the  latter  clear  white. 
Its  whole  weight  was  8238  grains;  and  that  of  the  piece  broken  off  for  experiment, 
witliout  the  conta£l  or  ufe  of  iron,  was  614  grains.     It  weiglied  403  grains  in  water,  and 

confequently  loft  3i  i   grains.     Hence  — -  =  2.91,  or  the  fpecific  gravity  to  water  aflumed 

as  1. 00.     This  differs  from  the  refults  found  by  Mr.  Humboldt. 

The  fia£lure  was  made  acrofs  the  line  of  magnetical  dire£tion.  The  furfaces  which  had 
been  thus  fqnurated,  exhibited  oppofite  poles,  in  the  fame  manner  as  when  any  other  na- 
tural magnet  is  broken.  The  fmaller  piece  was  then  b;roken  into  many  fragments,  and  in 
part  pulverifed.  All  the  pieces  were  poflfefled  of  polarity.  A  fmall  five- bar  horfe-flioe  magnet 
took  up  the  fmaller  fragments,  and  the  powder,  though  weakly,  as  they  were  eafily  (haken 
oflT.  I  could  not  fatisfa£lorily  afcertain  that  any  part  of  the  ftone  did  either  attradl  the 
fineft  iron  filings,  or  influence  their  arrangements  when  laid  upon  paper. 

A  very  delicate  magnetic  needle,  i|  inches  long,  moving  on  an  agate  focket,  was  fuffered 
to  difpofe  itfelf  in  the  magnetic  meridian.  The  larger  piece  was  prefented  due  eaft  from 
the  centre,  and  then  moved  upon  its  own  centre,  to  find  the  pofitions  of  the  greateft  at- 
tra£lion  and  repulfion.  At  the  diftance  of  18  inches  from  the  middle  of  the  ftone,  the 
needle  was  perceptibly  aflTe^led ;  but  its  greateft  deviation  did  not  exceed  ten  minutes  of 
a  degree.  At  12  inches  the  deviation  was  one  degree,  and  at  fix  inches  it  was  about  14 
degrees.  By  application  of  the  ftone  clofe  to  the  compafs-box,  the  needle  was  led  into  any 
gofition  at  pleafure. 

It  was  found  on  comparifon  with  various  pieces  of  natural  magnet,  that  its  dire£live 
force  or  efFeft  on  the  needle  is  much  weaker  than  that  of  any  of  the  pieces.  But  whether 
a  natural  magnet  as  weak  in  diredlive  power  as  this  ftone  would  be  equally  ina£livc 
with  rega:rd  to  iron  filings,  does  not  appear  from  the  fads  I  have  hitherto  obferved. 
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II. 

jin  Account  of  fome  Experiments  upon  Colaund  Shadows.     By  Lieutenant  General  Sir  Bes- 

jAMij^  Thompson,  Count  of  Rumfordy  F.  -R.  S.    In  a  Later  to  Sir  Joseph  Bahks^ 

Bart.  P.  R.S.^ 

SPEAR  SIR) 
INCE  my  laft  letter,  beii^g  employed  in  the  profecution  of  my  experiments  upon  light, 
I  was  ftruck  with  a  very  beautiful,  and  what  to  me  appeared  to  be  a  new  appearance.    De- 

*  From  the  Philofophicil  Trania^ioni,  t7Hy  P*  tof . 
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firoQS  of  comparing  the  intenfity  of  the  light  of  a  clear  (ky  by  day  with  that  of  a  common 
wax-candte,  I  darkened  my  room,  and  letting  the  day-light  from  the  north,  coming  through 
a  hole  near  the  top  of  the  window- (hutter,  fall  at  an  angle  of  about  70^  upon  a  flieet  of  very 
fine  white  paper,  I  placed  a  burning  wax-candle  in  fuch  a  pofition  that  its  rays  fell  upon  the 
fame  paper^  and,  as  near  as  I  could  guefs,  in  the  line  of  refledion  of  the  rays  of  day-light 
from  without*,  when,  interpofing  a  cylinder  of  wood,  about  half  an  inch  in  diameter,  before 
the  centre  of  the  paper,  and  at  the  diftance  of  about  two  inches  from  its  furface,  I  was 
much  furprifed  to  find  that  the  two  (hadows  projcaed  by  the  cylinder  upon  the  paper,  in- 
ftead  of  being  merely  {hades  without  colour,  as  I  expefted,  the  one  of  them,  that  which, 
correfponding  with  the  beam  of  day-light,  was  illuminated  by  the  candle,  was  yellow; 
while  the  other,  correfponding  to  the  light  of  the  candle,  and  confequently  illuminated  bf 
the  light  of  the  heavens,  was  of  the  mod  beautiful  blue  that  it  is  poflible  to  imagine. 
This  appearance,  which  was  not  only  unexpe£ted,  but  was  really  in  itfelf  in  the  higheft 
degree  ftriking  and  beautiful,  I  found  upon  repeated  trials,  and  after  varying  the  experiment 
in  every  way  I  could  think  of,  to  be  f o  perfeAIy  permanent,  that  it  is  abfolutely  impoffiblc 
to"  produce  two  fhadows  at  the  fame  time,  from  the  fame  body,  the  one  anfwering  to  a 
beam  of  day-light  and  the  other  to  the  light  of  a  candle  or  lamp,  without  thefe  (hadows 
being  coloured,  the  one  yellow,  and  the  other  blue. 

The  experiment  may  very  eafily  be  made  at  any  time  by  day,  and  almoft  in  any  place^ 
and  even  by  a  perfon  not  in  the  lead  degree  verfed  in  experiment^il  rcfearcheS.  Nothing 
more  is  neceflary  for  that  purpofe  than  to  take  a  burning  candle  into  a  darkened  room,  in  * 
the  day-time,  and  open  one  of  the  window-fhutters  a  little,  about  half  or  three-quarters  of 
an  inch  for  inftance  5  when,  the  candle  being  placed  upon  a  table  or  (land,  or  given  to'an 
afliftant  to  hold,  in  fuch  a  (ituation  that  the  rays  from  the  candle  may  meet  thofe  of  day- 
light from  without  at  an  angle  of  about  40°  at  the  furface  of  a  (heet  of  white  paper,  held 
in  a  proper  pofition  to  receive  them,  any  folid  opakc  body,  a  cylinder,  or  even  a  finger, 
held  before  the  paper,  at  the  dlftancfe  of  two  or  three  inches,  will  projeft  two  (hadows  upon 
the  paper,  the  one  blue  and  the  other  yelloV. 

If  the  candle  be  brought  nearer  to  the  paper,  the  blue  (hadow  will  becbme  of  a  deeper 
hue,  and  the  yellow  (hadow  will  gradually  grow  fainter ;  but  if  it  be  removed  farther  off, 
the  yellow  (hadow  will  become  of  a  deeper  colour,  and  the  blue  (hadow  will  become 
fainter  \  and  the  candle  remaining  ftationary  In  the  fame  place,  the  fame  varieties  in  thfe 
ftrength  of  the  tints  of  the  coloured  (hadows  may  be  produced  merely  by  opening  the  window* 
(hutter  a  little  more  or  lets,  and  rendering  the  illumination  of  the  paper,  by  the  light  ' 
from  ^^ithout>  ftronger  or  weaker,.  By  either  of  thefe  means,  the  coloured  (hadows  may 
be  made  to  pafs  through  all  the  gradations  of  (hade,  from  the  deeped  to  the  lighted,  and 
vice  verfa ;  and  it  is  not  a  little  amufing  to  fee  (hadows  thus.glowlng  with  all  the  brilliancy 
of  the  pured  and  mod  intenfe  prifmatic  colours,  then  paflfing  fuddenly  through  all  the 
varieties  of  (hade,  preferving  in  all  the  mod  perfeft  purity  of  tint,  growing  dronger  and 
fainter,  and  vanifliing  and  returning,  at  command. 

With  refpeft  to  the  caufes  of  the  colours  of  thefe  (hadows,  there  is  no  doubt  but  they 
arife  from  the  different  qualities  of  the  light  by  which  they  are  illuminated  j  but  how 
they  are  produced,  does  not  appear  to' me  fo  evident.  That  the  fhadow  correfponding  to 
the  beam  of  day^light  which  is  illuminated  by  the  yellow  light  of  a  candle,  (hould  *be  of  a 
yellowi(h  hue,  is  not  furprifing  *,  but  why  is  the  (hadow  correfponding  to  the  light  of  the 

a  candle, 


Obfervations  on  Coloured  ShadofVf*  163 

CMi^le^  ftnd  which  ii  illuminated  by  no  other  light  than  the  apparently  whke  light  of  the 
hearens,  blue?  I  at  firiV  thought  that  it  might  arife  from  the  bluenefs  of  the  Iky}  but  find- 
ing that  the  broad  day-light  refleAed  from  the  roof  of  a  neighbouring  houfe  covered  with 
the  whiteft  new-fallen  fnow  produced  the  fame  blue  colpur,  and,  if  poi&blei  of  a  ftill  more 
beautiful  tint,  I  was  obliged  to  abandon  that  opinion. 

Td  afcertain  with  fomc  degree  of  precifion  the  real  colour  of  the  light  emittedlby  a  candle, 
I  placed  a  lighted  wax-candle,  well  trimmed,  in  the  open  air,  at  mid-day,  zt  a  time  when 
die  ground  was  deeply  covered  with  new-fallen  fnow,  and  the  heavens  were  overfpread  with 
white  clouds ;  when  the  flame  of  the  candle,  far  from  being  white,  as  it  appears  to  be 
when  Yiewcd  by  night,  was  evidently  of  a  very  decided  yellow  colour,  not  even  approachinj^ 
to  whitenefs.  The  flame  of  an  Argand's  lamp,  e^pofed  at  the  fame  time  in  the  open  air, 
appeared  to  be  of  the  fame  yellow  hue.  But  the  moft  ftriking  manner  of  (hewinj^  the 
yellow  hue  of  the  light  emitted  by  lamps  sind  candles,  is  by  expofmg  them  in.  the  diredl 
rays  of  a  bright  meridian  fun.  In  that  (ituation  the  flame  of  an  Argand's  lamp,  burning 
with  its  gfeateft  brilliancy,  appears  in  the  form  of  a  dead  yellow  femi-tranfparent  fmoket 
How  tranfcondently  pure  and  inconceivably  bright  the  rays  of  the  fun  are  when  compared- 
to  the  light  of  any  of  our  artificial  illuminators,  may  be  gathered  from  the  refult  of  this  ex- 
periment. 

It  appearing  to  me  very  probable  that  the  difference  in  the  whitenefs  of  the  two  kinds 
ttf  light  whidi  vttert  the  fubjefts  of  the  foregoing  experiments,  might  fomehow  or  other  be 
the  oceafion  of  the  difl^erent  colours  of  the  (hadows^  I  attempted  to  produce  the  fame 
tSsGtB  by  employing  two  artificial  lights '  of  diiF^rent  colours  *,  and  in  this  I  fucceeded 
toir^pletely. 

In  a  room  pret^iottflydarkened,  the  light  from  two  burning  wax-^candles  being  made  to  fait 
Upon  the  white  paper,  at  a  proper  angle,  in  order  to  form  two  di(lin£t  fhadows  of  the 
cylinder,  thefe  (hadows  were  found  not  to  be  in  the  leaft  coloured )  but  upon  interpofing 
1^  pane  of  yellow  glaft,  approaching,  to  a  faint  orange  colour,  before  one  of  the  candles,  one 
of  the  fhadows  immediately  became  yellow,  arid  the  other  blue.  When  two  Argand's 
lamps  were  niade  ufe  of,  infiead  of  the  candles,  the  refult  was  the  fame :  the  fliad(5ws 
were  conftaritly  and  very  deeply  coloured,  the  one  yellow,  approaching  to  orange,  and  thtf 
other  hlxxtf  approaching  to  green.  I  imagined  that  the  greenifh  caft  of  this  blue  colour 
was  owing  either  to  the  want  of  whitenefs  of  the  one  lights  or  to  the  orange  hue  of  thd 
other,  which  it  acquired  from  the  glafs. 

When  equal  panes  of  the  fame  yellow  glafs  were  interpofed  before  both  the  lights,  th^ 
white  paper  took  an  orange  hue  j  but  the  ihadowa  were  to  all  appearance  without  the  leaft 
tinge  of  colour ;  but  two  panes  of  the  yellow  glafs  being  afterwards  interpofed  before  one 
of  the  lights,  while  only  one  pane  remained  before  the  other^  the  colours  of  the  (Iiadow» 
immediately  returned. 

The  refult  of  thefe  experiments  having  confirmed  my  fufpicions  that  the  colours  of  the 
fhadows  arofe  from  the  diflPerent  degrees  of  whitenefs  of  the  two  lights^  I  now  endeavoured, 
by  bringing  day-light  to  be  of  the  fame  yellow  tinge  with  candle-light  by  the  interpofitioil 
of  iheets  of  coloured  glafs,  to  prevent  the  (hadows  being  coloured  when  day-light  and 
candle-light  were  together  the  fubjccJs  of  the  experiment  •,  and  in  this  I  fucceeded.  I  was 
even  able  to  rcrerfe  the  colours  of  the  (hadows^  by  caufing  the  day-light  to  be  of  a  deeper 

yellow 
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yellow  than  the  candle-light.  In  the  courfe  of  thefe  experiments  I  obienred  that  difierent 
(hades  of  yellow  given  to  the  day-light  produced  very  diSerent  and  often  ()uite  unexpeded 
eiFeAs :  thus  one  (heet  of  the  yellow  glafs  interpofed  before  the  beam  of  day-light  changed 
the  yellow  (hadow  to  a  lively  violet  colour^  and  the  blue  (hadow  to  a  light  green ;  two  flieets 
of  the  fame  glafs  nearly  dedroyed  the  colours  of  both  the  (hadows ;  and  three  (heets 
changed  thr' (hadow  which  was  originally  yellow  to  blue,  and  that  which  was  blue  to  a 
purplifli  yellow  colour. 

When  the  beam  of  day-light  was  made  to  pafs.  through  a  (Iieet  of  blue  glafs,  the  colours 
of  the  (hadows,  the  yellow  as  well  as  the  blue,  were  improved  and  fendered  in  the  higheft 
degree  clear  and  brilliant ;  but  when  the  blue  glafs  was  placed  before  the  candle,  the  colours 
of  the  fhadows  were  very  much  impaired. 

In  order  to  fee  what  would  be  the  confequence  of  rendering  the  candle-light  of  a  (till 
deeper  yellow,  I  interpofed  before  it  a  (heet  of  yellow  or  rather  orange-coloured  glafs ; 
when  a  very  unexpeAed  and  mod  beautiful  appearance  took  place.  The  colour  of  the 
yellow  (hadow  was  changed  to  orange,  the  blue  (hadow  remained  undianged,  and  the 
whole  furface  of  the  paper  appeared  to  be  tinged  of  a  moft  beautiful  violet  colour,  approach* 
ing  to  a  light  Crimfon  or  pink ;  almoft  exa£lly  the  fame  hue  as  I  have .  often  obTerved  the 
diftant  fnowy  mountains  and  valleys  of  the  Alps  to  take  about  fun-fet.  Is  it  not  more  than 
probable  that  this  hue  is  in  both  cafes  produced  by  nearly  the  fame  combinations  of  coloured 
light  ?  In  the  one  cafe  it  is  tlie  white  fnow  illuminated  at  the  fame  time  by  the  pureft  light 
of  the  heavens,  and  by, the  deep  yellow  rays  from  the  weft  \  and  in  the  other  it  is  the  white 
paper  illuminated  by  broad  day-light,  and  by  the  rays  from  a  burning  candle,  rendered  (till 
more  yellow  by  being  tranfmitted  through  the  yellow  glafs.  The  beautiful  violet  coIt;ur  ^ 
which  fpreads  itfelf  over  the  furface  of  the  paper  will  appear  to  the  gr^ateft  advantage  if 
the  pane  of  orange-coloured  glafs  be  held  in  fuch  a  manner  before  the  candle,  that  only  a 
part  of  the  paper,  half  of  it,  for  inftance,  be  aiFeded  by  it,  the  other  half  remaining  white. 

To  make  thefe  experiments  with  more  convenience,  the  paper,  which  may  be  about 
eight  or  ten  inches  fquare,  (hould  be  pafted  or  glued  down  upon  a  flat  piece  of  board,  fur* 
ni(hed  with  a  ball  and  focket  upon  the  hinder  fide  of  it,  and  mounted  upon  a  (land,  and 
the  cylinder  (hould  be  faftened  to  a  fmall  arm  of  wood  or  of  metal,  proje£^ing  forward 
from  the  bottom^  of  the  board -for  that  purpofe.  A  fmall  ftand,  capable  of  being  made 
higher  or  lower  as  the  occafion  requires,  (hould  likewife  be  provided  for  fupporting  the 
candle ;  and  if  the  board  with  the  paper  faftened  upon  it  be  furrounded  with  a  broad  black 
frame,  the  experiments  will  be  fo  much  the  more  ftriking  and  beautiful.  For  ftill  greater 
convenience,  I  have  added  two  other  ftands  for  holding  the  coloured  glafs  through  which 
the  light  is  occafionally  made  to  pafs  in  its  way  to  the  white  furface  upon  which  the  (hadows 
are  projeftcd.  It  will  he  hardly  ncceflary  to  add,  that,  in  order  to  the  experiments  appearing 
to  the  greateft  advantage,  all  light  which  is  not  abfolutcly  ncceflary  to  the  experiment  mult 
be  carefully  (Imt  out. 

Having  fitted  up  a  little  apparatus,  according  to  the  above  directions,  merely  for  the  pur- 
pofe of  profecuting  thefe  enquiries  refpe«Sling  the  coloured  fliadows,  I  proceeded  to  make  a  great 
variety  of  experiments,  fome  with  pointed  views,  and  others  quite  at  random,  and  merely 
in  hopes  of  making  fome  accidental  difcovery  that  might  lead  to  a  knowledge  of  the  caufcs 
of  appearances  which  ftUl  feemed  to  me  to  be  enveloped  in  much  obfcurity  and  uncertainty. 

Having 
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Hating  found  that  the  Ihadows  correfponding  to  two  like  wax  candles  were  coloured^ 
one  blue  and  the  other  yellow,  by  interpofing  a  (beet  of  yellow  glafs  before  one  of 
them  \  I  now  tried  what  the  ef!e£l  would  be  when  blue  glafs  was  made  ufe  of  inftead  of 
yellowi  and  I  found  it  to  be  the  fame  \  the  ihadows  were  (till  coloured^  the  one  blue  and 
the  other  yellow,  with  the  difierence,  however,  that  the  colours  of  the  fhadows  were  re- 
'verfedy'^that  which  with  the  yellow  glafs  was  before  yellow  being  now  blue,  and  that 
which  was  blue  being  yellow. 

I  afterwards  tried  a  glafs  of  a  bright  amethyft  colour,  and  was  furprifed  to  find  that  the 
Shadows  Hill  continued  to  be  coloured  blue  and  yellow.  The  yellow,  it  is  true,  had  a  dirty 
purple  cad ;  but  the  blue,  though  a  little  mclining .  to  green,  was  neverthelefs  a  clean, 
i)rigiit,  decided  colour. 

Having  no  other  coloured  glafs  at  hand  to  pulb  thefe  particular  enquiries  farther,  I  now 
Tcmored  the  candles,  and,  opening  two  holes  in  the  upper  parts  of  the  (butters  of  two 
neighbouring  windows,  I  let  into  the  room,  from  above,  two  beams  of  light  from  dif- 
ferent parts  of  the  heavens ;  and  placing  the  inftrument  in  fuch  a  manner  that  two  didincl 
ihadows  were  projected  by  the  cylinder  upon  the  paper,  I  was  entertained  by  a  fuccefllon 
'of  very  amuGng  appearances.  The  (badows  were  tinged  with  an  infinite  variety  of  the  moit 
unezpe£bed,  and  often  moft  beautiful  colours,  which,  continually  varying,  fometimes  flowly 
«iid  fometimes  vrith  inconceivable  rapidity,  abfolutely  fafcinated  the  eyes,  and,  commanding 
the  rood  eager  attention,  afibrded  an  enjoyment  as  new  as  it  was  bewitching.  It  was  a 
windy  day,  with  flying  clouds ;  and  it  feemed  as  if  every  cloud  that  pafli^d  brought  with  it 
another  complete  fucceflion  of  varying  hues  and  moft  harmonious  tints.  If  any  colour 
could  be  faid  to  predominate,  it  was  purple  ;  but  all  the  varieties  of  browns,  and  almoft  all 
the  other  colours  I  ever  remembered  to  have  feen,  appeared  in  their  turns  \  and  there  were 
even  colours  which  feemed  to  me  to  be  perfe£tly  new. 

Refie>3ing  upon  the  great  variety  of  colours  obferved  in  thefe  lad  experiments,  many  of 
which  did  not  appear  to  have  the  lead  relation  to  the  apparent  colours  of  the  light  by  wliich 
they  were  produced,  I  began  to  fufpe£l  that  the  colours  of  the  (hadows  might  in  many 
cafes,  nocwithftanding  their  apparent  brilliancy,  be  merely  an  optical  deception,  owing  to 
contraft,  or  to  fome  efiedl  of  the  other  neighbouring  colours  upon  the  eye.    To  determine 
this  fa£l  by  a  dire£b  experiment,  I  proceeded  in  the  following  manner :  Having,  by  making 
ufe  of  a  flat  ruler,  inftead  of  the  cylinder,  contrived  to  render  the  (hadows  much  broader,  I 
(hut  out  of  the  room  every  ray  of  day-light,  and  prepared  to  make  the  experiment  with 
two  Argand^s  lamps,  well  trimmed,  and  which  were  both  made  to  bum  with  the  greatcft 
poiTible  brilliancy;  and  having  aflured  myfelf  that  the  light  they  emitted  was  precifely  of 
the  fame  colour,  by  the  (hadows  being  perfeflly  colourlefs  which  were  projefted  upon  the 
white  paper,  I  dire£led  a  tube  about  1 2  inches  long,  and  near  an  inch  in  diameter,  lined 
with  black  .paper,  againft  the  centre  of  one  of  the  broad  (hadows;  and  looking  through 
this  tube  with  one  eye,  while  the  other  was  clofed,  I  kept  my  attention  fixed  upon  the 
(hadow,  while  an  aflSdant  repeatedly  interpofed  a  (beet  of  yellow  glafs  befqre  the  lamp, 
whofe  light  correfponded  to  the  (hadow  I  obferved,  and  as  often  removed  it.     The  refult 
of  the  experiment  was  very  ftriking,  and  fully  confirmed  my  fufpicions  with  refpe£l  to  the 
fallacy  of  many  of  the  appearances  in  the  foregoing  experiments.    So  far  from  being 
able  to  obferve  any  change  in  the  (hadow  upon  which  my  eye  was  fixed,  I  was  not  able 
VoL.^. — ^JuME  1797.  P  even 
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even  to  tell  when  the  yellow  glafs  was  before  the  lamp,  and  when  it  was  not  ;*  and  though 
rhe  afliflant  often  exclaimed  at  the  ilnking  brilliancy  and  beauty  of  the  blue  colour  of  the 
very  fliadow  I  was  obferving,  I  could  not  difcover  in  it  the  leafl;  appearance  of  any  colour 
at  all.  But  as  foon  as  I  removed  my  eye  from  the  tube,  and  contemplated  the  (hadow 
with  all  its  neighbouring  accompanimentS|  the  other  (hadows  rendered  really  yellow  by 
the  effe£t  of  the  yellow  glafs,  and  the  white  paper,  which  had  likewife  from  the  fame  caufe 
acquired  a  yellowifh  hue,  the  fliadow  in  queftion  appeared  to  me,  as  it  did  to  my  afliftant,  of 
a  beautiful  blue  colour.  I  afterwards  repeated  the  fame  experiment  with  the  apparently 
blue  ihadow  produced  in  the  experiment  with  day-light  and  candle-light,  and  with  exa£Uy 
the  fame  refult. 

How  far  thefe  experiments  may  enable  us  to  account  for  the  apparent  blue  colour  of  the 
iky,  and  the  great  variety  of  colours  which  frequently  adorn  the  clouds,  as  alfo  what  other 
ufef ul  obfervations  may  be  drawn  from  them,  I  leave  to  philofophers,  opticians,  and  painters 
to  determine.  In  the  mean  time,  I  believe  it  is  a  new  difcovery ;  at  leaft  it  is  undoubtedly  a 
very  extraordinary  fa6l,  that  the  eyes  are  not  always  to  be  believed,  even  with  rcfpedl  to 
the  prefence  or  abfence  of  colours^ 

I  cannot  finifli  this  letter  without  mentioning  one  circumftance  which  (Iruck  me  very 
forcibly  in  all  thefe  experiments  upon  coloured  fliadows,  and  that  is,  the  moft  perfe^  har- 
mony which  always  appeared  to  fubfift  between  the  colours,  whatever  they  were,  of  the  two 
Ihadows ;  and  this  harmony  feemed  to  me  to  be  full  as  perfe£l  and  plearfing  when  the 
(hadows  were  of  different  tints  of  brown,  as  when  one  of  them  yvas  blue  and  the  other  yellow. 
In  ihort,  the  harmony  of  thefe  colours  was  in  all  cafes  not  only  very  ftriking,  but  the^ap- 
pearances  were  altogether  quite  enchanting  \  and  I  never  found  any  body  to  whom  I 
{hewed  thefe  experiments,  whofe  eyes  were  not  fafcinated  with  their  bewitching  beauties. 
It  is  however  more  than  probable,  that  a  great  part  of  the  pleafure  which  thefe  experi- 
ments afforded  to  the  fpe£tators,  arofefrom  the  continual  changes  of  colour,  tint,  and  ihade 
with  which  the  eye  was  amufed,  and  the  attention  kept  awake.  We  are  ufed  to  feeing 
colours  fixed  and  unalterable,  hard  as  the  folid  bodies  from  which  they  come,  and  juft  as 
motionlcfs;  confequencly  dead,  uninterefting,  and  tirefome  to  the  eye^  but,  in  thefe  experi- 
ments, all  is  motion,  life  and  beauty. 

It  appears  to  me  very  probable,  that  a  further  profecution  of  thefe  experiments  upon  coloured 
{hadows  may  not  only  lead  to  a  knowledge  of  the  real  nature  of  the  harmony  of  colours,  or  the 
peculiar  circumftances  upon  which  that  harmony  depehds;  but  that  it  may  alfo  enable,  us 
to  con{lru£l  inftruments  for  producing  that  harmony  for  the  entertainment  of  the  eyes,  in 
a  manner  fimilar  to  that  in  which  the  ears  are  entertained  by  mufical  founds.  I  know  that 
attempts  have  already  been  made  for  that  purpofe  \  but  when  I  confider  the  means  em- 
ployed, I  am  not  furprifed  that  they  did  not  fuccecd.  Where  the  flowing  tide,  the  varying 
fwell,  the  crefoendo  is  wanting,  colours  muft  ever  remain  hard,  cold,  and  inanimate  mafles. 

I  am  very  forry  that  my  more  ferious  occupations  do  not  at  prefent  permit  me  to  purfue 
thefe  moft  entertaining  enquiries.  Perhaps  at  fome  future  period  I  may  find  leifure  to  re- 
fume  them  *.  I  am,  &c. 

Munich^  March  I,  1793. 

♦  Otto  Gucrickc,  Buffon,  Mazcas,  Bcguelin,  and  many  other  philofophers,  have  paid  attention  to  the  coloured 
ihadows  of  bodies  which  form  the  fubjcd  of  tliis  intercfting  letter.    An  abridgement  of  their  obfervationa 

'%  and 
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III. 

A  Memoir  upon  the  Difcovery  of  America,     By  M.  OttO. 

[Concluded  from  page  77.] 

JljLfTER  having  pcrfprmcd  feveral  othei:  intcrcfting  voyages,  the  Chevalier  Behem  died  at 
Lifbon  in  July  1506,  regretted  by  every  one,  but  leaving  behind  him  no  other  work 
than  the  globe  which  we  have  juft  been  fpeakiiig  of.  It  is  made  from  the  writings  of 
Ptolemy,  Pliny,  Strabo,  and  efpecially  from  the  account  of  Mark  Paul,  the  Venetian,  a 
celebrated  traveller  of  the  thirteenth  century  j  and  of  John  Mandeville,  an  Englifhman, 
who,  about  the  middle  of  the  fourteenth  century,  publiflicd  an  account  of  a  journey  of 
thirty-three  years  in  Africa  and  AGa.  He  has  alfo  added  die  important  difcoveries  made  by 
himfelf  on  the  coafts  of  Africa  and  America. 

From  thefe  circumftantial  accounts,  little  known  to  modern  writers,  we  muft  conclude 
that  Martin  Behenira,  of  whom  GaicilafTo  makes  mention,  is  the  fame  Chevalier  Behem, 
upon  being  the  place  of  whofe  birth  Nurenberg  prides  itfelf  fo  much.  It  is  probable  that, 
as  foon  as  he  was  knighted  in  Portugal,  he  thought  it  neceflary  to  give  a  Portuguefc  ter- 
mination to  his  name,  to  make  it  more  fonorous  and  more  conformable  to  the  idiom  of  the 
country.  Garcilaflb,.  deceived  by  this  refemblance  of  found,  has  made  him  a  Spaniard,  in 
order  to  deprive  Chriilopher  Columbus  of  the  honour  of  having  procured  to  his  country  fo 
great  an  advantage.  And  what  ought  to  confirm  us  in  this  opinion  is,  that  we  neither  find 
in  Mariana,  nor  any  other  Spanifli  hiftorian,  the  name  of  this  Martin  Behenira,  who  was 
certainly  a  man  of  too  much  importance  not  to  have  had  a  diiUnguiflied  place  in  hiftory. 
Befides,  the  Spanifh  pride  would  have  been  flattered  in  giving  to  a  native  tliofe  laurels 
with  which  it  crowned  Chriftopher  Columbus. 

It  is  then  very  unlijcely  that  this  navigator  was  treated  as  an  enthufiaft,  when  he  oflFered 
to  the  Court  of  Portugal  to  make  difcoveries  in  the  weft.  The  fearch  after  unknown 
countries  was  at  that  time  the  reigning  paflion  of  this  Court ;  and  even  if  the  Chevalier 
Behem  had  not  offered  the  interefting  ideas  which  he  had  procured,  the  novelty  of  the 
project  would  undoubtedly  have  engaged  King  John  to  fupport  the  views  of  Columbus  : 
but  it  appears  that  this  prince  declined  it,  becaufe  all  his  thoughts  were  turned  at  that 
time  to  the  coaft  of  Africa,  and  the  new  pafiage  to  the  Indies,  from  whence  he  procured 
great  riches  i  whilft  the  fouthern  coaft  of  Brazil,  and  the  territories  of  the  Patagonians^ 
feen  by  Behem,  oflTered  to  him  only  barren  lands  inhabited  by  unconquerable  favages.  The 
refufal  of  John  II.,  very  far  from  weakening  the  teftimony  of  Behem's  difcoveries,  is  then 

and  deductions  may  be  feen  in  Pricdley's  Optics,  p.  436.  Count  Rumford  i$  the  firft,  as  far  as  I  know, 
who  has  (hewn  that  the  eflfefk  depends  not  immediately  on.  the  nature  of  the  light,  but  principally  upon  the 
manner  in  which  the  organs  of  fight,  or  perhaps  the  organs  of  thought  (if  in  truth  there  be  any  difference  here 
between  them),  areaflfeCted  by  the  fucceilive  a£iions  they  undergo.  The  colours  called  accidental,  which  are  ren- 
dered permanent  for  a  time  after  the  imprefTion  of  bright  objects  upon  the  eye,  and  the  eficds  of  Icfs  forcible 
impreilions,  for  which  the  lad  quoted  work,  p.  631,  and  the  authors  there  referred  to,  may  be  confulted}— the 
harmony  and  difcord  of  colours,  probably  arifing  from  the  pleafure  or  difguft  afforded  by  thjc  admixture  of  aii 
accidental  colour  with  anew  fenfation,  or  real  colour; — the  phenomena  of  dazzling,  which  is  of  the  fame  nature 
as  this  iaft  combination  ;•— and  the  general  arrangement  and  inferences  to  be  found  in  the  Zoonomia  of  Darwin, 
all  bear  evident  relation  to  the  fa6ls  exhibited  by  Count  Rumfordi  and  open  a  \\  idcudd  for  curiou;>  rcfearch.  N. 
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rather  a  proof  of  the  knowledge  which  this  politic  prince  had  already  procnrcd  of  the 
exiftence  of  a  new  continent :  and  it  was  only  in  1 501,  that  is  to  fay,  three  years  after  the 
Yoyage  of  Vafco  de  Gama  to  the  Indies,  that  Emanuel  thought  proper  to  take  advantage 
of  the  difcoveries  of  Behem,  by  fending  Albarez  Cabral  to  Brazil ;  a  meafure  which  was- 
perhaps  rather  owipg  to  the  jcaloufy  which  has  always  exUled  between  Portugal  and  Spain, 
than  to  a  deGre  of  making  advantageous  eftabllflunentSi  for  which  the  Indies  were  muck 
more  proper  than  this  part  of  America. 

If  any  doubts  yet  remain  refpcfting  the  important  difcovery  made  by  the  Chevalier 
Behcm,  it  is  particularly  the  authority  of  Dr.  Robertfon  which  attacks  the  teftimony  of  the 
diflFerent  authors  we  have  tranfcribcd-     This  learned  writer  treats  the  hiftory  of  Behem  as 
a  fi£iion  of  fome  German  authors,  who  had  an  inclination  to  attribttte  to  one  of  their 
countrymen  a  difcovery  which  has  produced  fo  great  a  revolution  in  the  commerce  of 
Europe.    But  he  acknowledges,  neverthelefe,  after  Herrera,  that  Behem  had  fettled  at  the 
ifland  of  Fayal ;  that  he  was  the  intimate  friend  of  Chriftopher  Columbus ;  and  that  Ma- 
gellan had  a  globe  made  by  Behem,  by  the  help  of  which  he  undertook  his  voyage  to  the 
South  Sea ;  a  circumftance  which  proves  much  in  favour  of  our  hypothefis.    He  relates^ 
alfo,  that  in  1492  this  aftronomer  paid  a  vifit  to  his  family  at  Nurenberg,  and  left  there  a. 
map  drawn  by  himfelf,  of  which  Dr.  Forfter  procured  him  a  copy,  and  which,  in  his  opinion^ 
partakes  of  the  imperfe£tion  of  the  cofmographical  knowledge  of  the  15th  century:  that  he 
found  in  it,  indeed,  under  the  name  of  the  ifland  of  St.  Brandon,  land  which  appears  to  be  the 
prefent  coaft  of  Guiana,  and  lies  in  the  latitude  of  Cape  Verd ;  but  that  there  is  reafon  to* 
believe  that  this  fabulous  ifland,  which  is  found  in  many  ancient  maps,  merits  no  more  at« 
tention  than  the  childifh  legend  of  St.  Brandon  himlelf.    Although  Dr.  Robertfon  does  not 
appear  difpofed  to  grant  to  Behem  the  honour  of  having  difcovered  the  new  continent,  we 
find  the  means  of  refuting  him  in  his  own  Hiftory.  He  allows  that  Behem  was  very  intimat6 
with  Chriftopher  Columbus )  that  he  was  the  greateft  geographer  of  his  time,  and  fcholar 
of  the  celebrated  John  Miiller,  or  Regiomontanus ;  that  he  had  difcovered,  in  1483,.  the- 
kingdom  of  Congo  upon  the  coaft  of  Africa ;  that  he  made  a  globe  which  Magellan  made 
ufe  of;  that  he  drew  a  map  at  Nurenberg,  containing  the  particulars  of  his  difcoveries;  and. 
that  he  placed  in  this  chart  land  which  is  found  to  be  in  the  latitude  of  Guiana.    Dr.  Ro<^ 
bertfon  aflerts,  without  any  proof,  that  this  land  was  but  a  fabulous  ifland.  We  may^  fuppofe,. 
upon  the  fame  foundation,  that  the  Chevalier  Beliem,  engaged  in  an  expedkioa  to  the  king- 
dom of  tongo,  was  driven  by  the  winds  to  Fernambouc,  and  from  thence  by  the  currents 
very  common  in  thofe  latitudes  towards  the  coaft  of  Guiana  j  and  that  he  took  for  an  ifland 
the  firft  land  which  he  difcovered.     The  courfc  which  Chriftopher  Columbus  afterwards^ 
fleered  makes  this  fuppofition  ftill  more  probable;  for  if  he  knew  only  of  the  coaft  of 
Brazil,  which  they  believe  to  liave  been  difcovered  by  Behem,  he  would  have  laid  his  courfe 
rather  to  the  fouth-weft.     The  expedition  to  Congo  took  place  in  1483  :  it  is  then  polEWc; 
that  at  his  return  Behem  propofed  a  voyage  to  the  coafts  of  Brazil  and  Patagonia ;  and 
that  he  requefted  the  afliftance  of  his  fovereign,  which  we  ha-YC  mentioned  above.     It  is. 
certain  that  we  cannot  have  too  much  deference  for  the  opinion  of  fo  eminent  a  writer  as 
Robertfon;  but  this  learned  man  not  having  it  in  his  power  to  confult  the  original  German^ 
documents  which  we  have  quoted,  we  may  be  allowed  to  form  a.  different   opinion 
without  being  too  prefumptuous. 

4  Biut 
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But  fliould  it  be  aiked,  Why  we  take  from  Chriftopher  Columbas  the  reputation  which  all 
Europe  has  to  this  day  allowed  him?— -why  fearch.  into  the  archives  of  an  imperial 
city  for  the  caufes  of  an  event  which  took  place  in  the  mod  weftern  extremity  of  Europe  .^ 
—why  the  enemies  of  Chriftopher  Columbus,  who  were  numerous,  did  not  take  ad- 
rantage  of  the  pretended  Chevalier  Behem  to  leflen  his  confcqucnce  at  the  Spanifti  Court? 
—why  Portugal,  jealous  of  the  difcovcry  of  the  New  World,  has  not  protefted  againft  the 
aflertions  of  the  Spaniards  ? — ^why  Behem,  who  died- only  in  1506,  had  not  left  to  pofterity 
any  writing  to  confirm  to  himfelf  fo  important  a  difcovery? 

To  anfwer  all  thefe  queftions,  I  (hall  fubmit  to  the  impartial  reader  the  following 
remarks : 

1.  Before  Columbus,  the  great  merit  of  a  navigator  confifted  rather  in  conceiving  the 
poflibility  of  the  exiftence  of  a  new  continent,  than  in  fearching  for  lands  in  a  region 
where  he  was  fure  to  find  them.  If  it  is  then  certain  that  Behem  had  conceived  tliis  bold 
idea  before  Columbus,  the  fame  of  the  latter  muft  be  confiderably  diminiflicd. 

2.  The  hiftorical  proofs  which  we  have  given  above  leaving  us  no  doubt  of  the  fa£l,  we 
have  only  to  explain  the  moral  caufes  of  the  filence  of  the  Spanifli  and  Portuguefe  authors,, 
of  the  enemies  of  Columbus,  and  of  Behem  himfelf- 

3.  It  is  well  known  that,  previous  to  the  reign  of  Charles  V.  there  was  little  communi- 
eation  between  the  learned  men  of  different  nations.  Writers  were  fcarce,  excepting  fomc 
monks,  who  have  related,  well  or  ill,  the  events  which  came  to  their  knowledge,  in  chro- 
nicles which  are  no  longer  read ;  or  they  had  but  little  notion  of  what  pafTed  in  foreign 
countries.  Gazettes  and  Journals  were  unknown,  and  the  Learned  were  obliged  to  travel, 
to  inform  themfelves  of  the  progrefs  of  their  neighbours.  Italy  was  the  centre  of  the  arts, 
and  what  are  called  fciences,  at  that  time.  The  frequent  journeys  of  the  German  emperors 
to  Rome  gave  them  an  opportunity  of  knowing  perfons  of  merit,  and  of  placing  them  in  the 
different  univerfities  of  the  empire.  It  is  to  tins  circumftance  that  we  ought  to  attribute  tlie 
great  progrefs  which  the  Germans  made,  particularly  in  mathematics,  from  tlie  four- 
teenth to  the  fixtcenth  century;  during  which  time  they  had  the  beft  geographers,  the 
beft  hiftorians,  and  the  mcft  enlightened  politicians.  They  were  particularly  attentive  to 
what  pafTed  in  Europe ;  and  the  multiplied  conne£lions  of  different  princes  with  foreign 
powers  alTifted  them  greatly  in  collefling,  in  their  archives,  the  original  pieces  of  the  moit 
tmportam  events  of  Europe.     It  is  to  this  fpirit  of  criticifm  and  enquiry  that  we  are  in- 

~  debted  for  the  reformation  of  Luther ;  and  we  cannot  deny  that,  particularly  in  the  fifteenth 
century,  there  was  more  hiflorical  and  political  knowledge  in  Germany  than  in  all  the  reft 
of  Europe.  Italy  excepted.  It  is  not  then-aftoniihing  that  we  fliould  find,  in  the  archives  of 
one  of  the  mofl  ancient  imperial  cities,  the  particulars  of  an  expedition  planned  upon  the 
banks  of  the  Tagus,  by  a  German,  a  man  of  great  repute  in  his  own  country,  and  whofe 
•very  a£lion  became  very  interefting.. 

4.  It  was  different  in  Portugal,  where  the  whole  nation,,  except  the  king,  was  plunged  in 
the  moft  profound  ignorance.  Every  one  was  either  merchant,  failor  or  foldier;  and-. 
if  this  nation  has  made  the  moft  impo^ant  difcoveries,  we  muft  afcribe  them  rather  to 
avarice  than  to  a  defire  of  knowledge.  They  were  fatisfied  with  fcraping.  together  gold  in 
every  quarter  of  ihe  known  worlds  whilft  the  German  and  the  Italian  took  up  the  pen  to 
Uanfmii  to  pofterity  the  remembrance  of.  their  riches  aod  cruckicSk    The  Spaniards  were 

not 
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not  much  more  informed  before  Charles  V.  introduced  at  Madrid  the  learned  men  of 
Flanders  and  Germany.  It  is  then  very  pofOble  that  the  Chevalier  Behem  made  very  ia- 
tcrefting  difcoveries  in  geography  in  1485,  without  the  public  being  acquainted  with 
them.  If  he  had  brought  back  from  his  expedition  gold  or  diamonds,  the  news  would 
hare  been  fprcad  in  a  few  weeks ;  but  Ample  geographical  knowledge  was  not  of  a  nature 
to  intercft  men  of  this  turn  of  mind. 

5.  T  he  long  (lay  which  Chriftopher  Columbus  made  at  Madeira  makes  his  interview  with 
Eehem  more  than  probable.  It  is  impoflible  that  he  (hould  have  ncglefted  feeing  a  man  fo 
intcrcfling,  and  who  could  give  him  every  kind  of  information  for  the  execution  of  the.plan  he 
had  formed.  The  mariners  who  accompanied  the  Chevalier  Behem  might  alfo  have  fpread 
reports  at  Madeira 'and  the  Azores  concerning  the  dlfcovery  which  they  had  been  witnefTcs 
of.  What  ought  to  confirm  us  in  this  is,  that  Mariana  fays  himfelf  (book  jfxvi.  chap,  iii.) 
that  a  certain  veflel  going  to  Africa  was  thrown  by  a  gale  of  wind  upon  certain  unknown 
lands ;  and  that  the  failors,  at  their  return  to  Madeira,  had  communicated  to  Chriftopher 
Columbus  the  circumftances  of  tlieir  voyage.  All  authors  agree  that  this  learned  man  had 
fome  information  refpefting  the  weftern  (bores;  but  they  fpeak  in  a  very  vague  manner. 
The  expedition  of  the  Chevalier  Behem  explains  this  myftery. 

6.  Thi«  aftronomer  could  not  be  jealous  of  the  difcoveries  of  Columbus,  becaufe  the  laft 
had  been  farther  north,  and  that  in  a  time  when  they  did  not  know  the  whole  extent  of  the 
New  World;  and  when  geographical  knowledge  was  extremely  bounded,  it  might  be  believed 
that  the  country  difcovered  by  Columbus  had  no  connexion  with  that  difcovered  by  Behem. 

It  appears  however  certain,  that  Behem  difcovered  this  continent  before  Columbus ;  and 
that  this  queftion,  which  is  only  curious  in  Europe,  becomes  interefting  to  the  American 
patriot.  The  Grecians  have  carefully  preferved  the  fabulous  hiftory  of  their  firft  founders, 
and  have  raifed  altars  to  them:  Why  are  not  Behem,  Chriftopher  Columbus,  and  Vefpucius 
deferving  of  ftatues  in  the  public  fquares  of  American  cities  ?  ^Thefe  precious  monuments 
would  tranfmit  to  pofterity  the  gratitude  which  thefe  benefa£i:ors  of  mankind  (hould  infpire. 
Without  knowing  it,  they  have  laid  the  foundation  of  the  happinefs  of  many  millions  of 
inhabitants ;  and  Sefoftris,  Phul,  Cyrus,  Thefeus,  and  Romulus,  the  founders  of  the  greateft 
empires,  will  be  forgotten  before  the  fervices  rendered  by  thefe  illuftrious  navigators  can  be 
cfTaced  from  the  memory  of  man. 
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IV. 

Dcfcnpilon  of  a  Cravimeter^  or  Injlrument  for  meafuring  the  Specific  Gravity  of  Solids  andFlmdu 

By  Citizen  GurroN  *. 

XLd VER  fince  the  art  of  chemiftry,  by  an  approach  to  tlie  accurate  fciences,  has  (hewn 
that  the  phenomena  of  combinations  produced  or  deftroyed  are  not  the  refult  of  occult 
qualities,  but  of  a  rupture  of  equilibrium  determined  by  forces  which  afford  the  hope  of  ad- 
meafurcment  by  computation,  philofophers  have  been  aware  of  the  neceffity  of  condu£ling 
their  experiments  with  precifion,  that  they  might  take  account  of  all  the  circumftances 

^  Read  to  the  National  Inftitutc  on  the  nth  Germinal,  in  the  4th  year  of  the  Republic*    Iti$  inferred  in  the 
twcnty-firft  volume  of  the  Annalcs  de  Chimic.    This  tranllation  is  nearly  verbal. 
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which  might  impede  or  favour  this  motion.  The  fpecific  gravity  of  bocKf  s  mud  ncceiTirily 
conditute  part  of  thofe  obfervations :  for  it  fcrves  not  only  to  indic^tte  tlic  nature  of  boilics 
under  examination,  but  likewife  affords  information  refpeding  their  purity,  and  the  tlat.i 
of  their  aggregation,  condenfation,  or  rarefa£tion,  which  are  alfo  the  inimedia:»;  caufcs  of 
divulfion  or  repofe.  It  is  therefore  of  importance  that  the  inftruments  for  meafuring  this 
property  of  bodies  ftiould  be  brought  to  the  utmoft  perfe£lion  they  are  capable  of  receiving, 
and  that  they  (hould  be  rendered  as  convenient  as  poflible  for  habitual  ufe. 

Of  all  the  hydrometers  hitherto  known,  that  of  Fahrenheit  is. acknowledged  to  be  the  mod 
accurate.  The  well  known  principle  of  this  indrument  is,  that  it  afcertaius  the  weight  of  a 
condant  bulk  of  the  feveral  fluids  under  examination.  Such  hydrometers  as  are  condru£tcd 
to  meafure  the  denfity  by  the  degree  of  immerfion,  may  ferve,  in  fome  manufadories,  to 
•give  an  approximation  fufficiently  near  for  the  purpofe  required.  But  without  confidering 
the  inequality  of  the  dem,  the  tedious  work  of  graduating  by  obfervation,  and  the  uncer- 
tainty of  edimate  from  one  divifion  to  another,  it  may  be  remarked,  that  they  are  not  capable 
of  corredion  for  the  difierent  temperatures.  In  a  word,  they  are  not  bt  for  the  hand  of  the 
philofopher. 

The  form  which  Nitholfon  gave  fome  years  ago  to  the  hydrometer  of  Fahrenheit  *,  ren- 
dered it  proper  to  meafure  tlie  denfity  of  folids.  At  prefentit  is  very  much  ufcd.  It  gives, 
with  conGderable  accuracy,  the  ratio  of  ^the  fpecific  gravity  to  the  fifth  decimal,  water  being 
taken  as  unity.  It  is  fufceptible  of  corre£lion  for  the  variations  of  temperature,  and  the 
impurity  of  the  water  which  it  is  fometimes  more  convenient  to  ufe,  as  may  be  fcen  in  the 
article  Areometery  in  the  chemical  part  of  the  Encyclopedic  Methodique.  It  does  not  ap- 
pear that  any  better  indrument  need  be  wiflied  for  in  this  refpe£l. 

But  this  hydrometer  has  hitherto  been  condru£led  in  metal  only ;  fo  that  it  could  not  be 
applied  either  to  falts  or  acids.  It  is  known  likewife  that  areometers  condruded  on  the 
principles  of  Fahrenheit,  for  fpirituous,  faline,  and  acid  liquors,  require  to  be  varied  in 
magnitude,  form,  and  quantity  of  ballad.  In  the  one  kind,  the  lower  weight  mud  be  at  a 
great  didance  from  the  buoyant  part,  to  maintain  the  vertical  fituation ;  in  the  other,  it  is 
brought  nearer,  to  operate  on  fnialler  mafles  of  the  fluid.  Thofe  indrumcnts  which  are 
intended  for  alcohol  mud  be  light,  and  thofe  applied  to  determine  the  denfity  of  concen- 
trated acids  mud  be  heavy.  The  mafs  and  dimenfions  of  every  indrument  of  this  nature 
mud  be  adjuded  in  fuch  a  manner  that  the  additional  weight  may  operate  not  only  as  a 
load,  but  as  ballad.  It  cannot  be  applied  in  the  upper  bafon  without  deranging  the  ver- 
tical fituation.  From  all  which  circumdances  it  happens,  that  a  coIle£lioQ  of  thefe  indru- 
ments  would  be  required,  to  anfwer  every  purpofe  of  experiment.  As  a  remedy  for  part 
of  thefe  inconveniences,  it  was  ingenioufly  propofed  that  the  areometer  (hould  terminate  be- 
neath in  a  hook,  to  which  were  fufpended  at  pleafure  certain  glafs  balls  filled  with  mercury, 

*  From  Lowthorpc's  Abridgement  of  the  rhilofophical  Tranfaftions,  I.  604,  or  Boyle's  Works,  in  quarto, 
I^ondon,  1772,  IV.  204,  it  appears  that  the  hydrometer  was  Aril  invented  by  Boyle,  and  defcribcd  under  the 
name  of  a  new  Effey  Inftrumcnt.  It  had  a  graduated  ftem,  and,  by  means  of  a  flirrup  or  clip  underneath,  it  was 
applied,  aa  pcrfcflly  as  a  graduated  inftrumenc  could  be,  to  afccrtain  the  fpecific  gravities  of  folids  as  well  as 
fluids.  Fahrenheit  Hrft  applied  a  difli  for  weights  at  the  top,  to  afccrtain  the  fpecific  gravities  of  fluids  only ;  as 
may  be  feen  in  Read  and  Gray*s  Abridgement  of  the  Philofophical  Tranfaftions,  Vol.  VI.  Pait  I.  p.  294.  My 
inHrumcnt,  referred  to  by  Citizen  Guyton,  is  a  combination  of  both.  It  is  defciibcd  in  the  2d  volume  of  the 
Monchedcr  Memoirs,  and  is  reprefentcd  in  Plate  VI.  Fig.  1.     N. 

and 
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^nd  conftitttting  diffisrent  ballads;  but  this  did  not  anfwer  in  every  refpe£t«  In  %Sk 
€h£  inftruments  of  this  kind  which  I  have  had  occafion  to  examine,  no  attempt  had  been  rnade^ 
or  at  ledl'the  obje£i  had  not  been  accompliflied,  to  render  the  point  of  interfedion  of  the 
ftem  with  the  fluid,  common  to  all  the  ballafts.  Whence  it  followed,  that,  upon  changing 
the  ^ballaft,  it  was  likewife  neceffary  to  change  the  flip  of  glafs  which  carries  the  nazk 
within  the  upper  (lem. 

I  have  thought  it  poffible,  by  following  the  principles  of  Fahrenheit  and  executing  the 
inftrument  of  Nicholfon  in  glafs  with  a  flight  addition,  to  render  it  more  generally  ufeful 
and  commodious,  without  diminifhing  its  accuracy  in  any  refpe£l.  I  was  well  aware  of 
the  prejudice  which  is  naturally  entertsdned  againft  polychreft,  or  univerfal  inftruments^ 
moft  of  which  are  rendered  of  no  ufe  from  the  attempt  to  extend  their  application  too  far; 
but  at  the  fame  time  I  was  convinced  that  it  would  be  a  real  advantage  to  every  philofophical 
obferver,  to  require  only  one  fingle  meafure  for  determining  the  denfity  of  aQ  bodies, 
whether  folid  or  liquid.  This  is  the  obje6l  I  propofe  to  accompliih.  It  will  be  feen  how 
far  I  have  fuccecded.  I  mud  obferve,  on  this  occafion,  that  the  name  hydrometer  (pffe^  > 
Jiqueur)  as  well  as  that  of  areometer,  is  fcarcely  applicable  to  an  inftrument  pofiefling  thefe 
qualities :  for  thefe  terms  fuppofe  that  the  liquid  is  always  the  thing  weighed  }  whereas, 
with  regard  to  folids,  the  liquid  is  the  term  of  comparifon  which  is  known,  and  to  which  the 
^unknown  weight  is  referred.  I  propofe  therefore  to  make  ufe  of  the  name  gravimeter, 
which  will  eafily  be  underftood,  and  applied  with  propriety  in  every  cafe. 

This  indrument,  being  executed,  as  already  remarked,  in  glafs,  is  of  a  cylindric  form, 
being  that  which  requires  the  fmalleft  quantity  of  the  fluid,  and  is  on  that  account  pre- 
ferable, except  fo  far  as  it  is  neceflary  to  deviate  for  the  fecurity  of  a  perpendicular  pofitionV 

Like  the  indrument  of  Nicholfon,  it  carries  two  bafons  \  the  one  fuperior,  at  the  extremity 
of  a  thin  dcm ;  towards  the  middle  of  which  the  fixed  point  of  immerfion  is  marked. 
The  other  lower  bafon  terminates  in  a  point;  it  contains  the  ballad,  and  is  attached  to  the 
cylinder  by  two  branches.  The  moveable  fufpenfion  by  means  of  a  hook  has  the  incon- 
venience  of  diortening  the  lever  which  is  to  fecure  the  vertical  pofition. 

The  cylinder  is  22  millimeters  (0.71  inches)  in  diameter;  and  21  centimeters  (6.85 
inches)  in  length.  It  carries  in  the  upper  bafon  an  additional  conftant  weight  of  five 
grammes.  Thefe  dimenfions  might  be  increafed,  fo  as  to  render  it  capable  of  receiving  a 
much  more  confiderable  weight ;  but  it  will  hereafter  be  (hewn,  that  this  is  unneceflSiry. 

I  have  added  a  piece  which  I  call  the  diver  (plongeur)^  becaufe  in  fa£i:  it  is  placed  in  the 
lower  bafon  when  ufed,  and  confequcntly  is  entirely  immerfed  in  the  fluid  *•  It  is  a  bulb 
of  glafs,  loaded  with  a  fufficient  quantity  of  mercury,  in  order  that  its  total  weight  may  be 
equal  to  the  condant  additional  weight,  added  to  the  weight  of  the  volume  of  water  dif- 
placed  by  this  piece. 

It  will  readily  be  underdood,  that  the  weight  being  determined  at  the  fame  temperature 
at  which  the  indrument  was  originally  adjufted,  it  will  (ink  to  the  fame  mark  on  the  ftem, 
whether  it  be  loaded  with  a  condant  additional  weight  in  the  upper  bafon,  or  whether  the 
effefl  of  this  weight  be  produced  by  the  additional  piece  in  the  lower  difli. 

TYom  this  explanation  there  will  be  no  difficulty  in  deducing  how  this  indrument  may 
be  adapted  to  every  cafe  of  praftice. 

^  As  we  have  no  word  in  the  Englifli  language  which  can  with  propriety  be  ufcd  as  the  tranilatioo  of  the 
wurd  piongeuTf  I  ihall  take  the  liberty  to  call  this  weight  the  additional  piece.     N. 

It 
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It  may  be  ufcd,  i.  for  folids.  It  is  the  hydrometer  of  Nicholfon,  from  which  it  differs 
in  no  rcfpeft.  The  only  condition  will  be,  as  in  his  inftrument,  that  the  abfolute  weight 
of  the  body  to  be  examined  (hall  be  rather  lefs  than  the  conflant  additional  weight,  which  in 
this  inftrument  is  five  grammes  (115  grains). 

2.  For  liquids  of  lefs  fpecific  gravity  than  water,  the  inftrument,  without  the  additional 
weight  above,  weighs  about  two  decagrammes  (459  grains)  in  the  dimenfions  before  laid 
down.  It  would  be  eafy  to  limit  its  weight  to  the  utmoft  accuracy.  We  have  therefore 
the  range  of  one-fifth  of  buoyancy,  and  confequently  the  means  of  afcertaining  all  the  in- 
termediate denfities  from  water  to  the  moft  highly  reftified  fpirit  of  wine,  which  is  known 
to  bear  in  this  refpeft  the  ratio  of  eight  to  ten  with  regard  to  water. 

3.  When  liquids  of  greater  fpecific  gravity  than  water  are  to  be  tried,  the  conftant 
weight  being  applied  below,  by  means  of  the  additional  piece,  which  weighs  about  fix 
grammes  (138  grains),  the  inftruments  can  receive  in  the  upper  bafon  mpre  than  four  times 
the  ufual  additional  weight,  without  lofing  the  equilibrium  of  its  vertical  pofition.  In  this 
Aate  it  is  capable  of  (hewing  the  fpecific  gravity  of  the  moft  concentrated  acids. 

4.  It  poflefles  another  property  common  to  the  inftrument  of  Nicholfon,  namely,  that 
it  may  be  ufed  as  a  balance  to  determine  the  abfolute  weight  of  fuch  bodies  as  do  not 
exceed  its  additional  load. 

5.  Laftly,  the  purity  of  the  water  being  known,  it  will  indicate  the  degrees  of  rarefaftion 
and  condenfation  in  proportion  to  its  own  bulk. 

I  have  little  to  fay  refpefling  the  conftruAion  of  this  inftrument.  Every  workman  in 
glafs  who  (hall  once  fee  it,  will  be  able  to  make  it  without  difficulty.  Tlie  additional  piece 
for  the  lower  bafon  will  require  fome  attention  to  make  it  perfe£tly  agree  with  the  con- 
ftant upper  weight,  as  to  the  immerfion  of  the  inftrument.  Btit  this  obje^  may,  by  careful 
adjuflment,  be  afcertained  with  the  utmoft  certainty  and  accuracy. 

The  bulb  of  glafs  is  for  this  purpofe  drawn  out  to  a  fine  point ;  a  fufficient  quantity  of 
mercury  is  then  introduced  to  fink  it,  and  the  aperture  clofed  with  a  morfel  of  wax.  The 
bulb  being  then  placed  in  the  lower  bafon  of  the  inftrument,  the  upper  bafon  is  to  be  loaded 
until  the  mark  on  the  ftem  becomes  accurately  coincident  with  the  furface  of  the  water. 
The  fum  of  the  weights  added  above  is  precifely  equal  to  that  of  the  quantity  of  mercury 
neceffary  to  be  added  to  that  in  the  glafs  bulbj  which  done,  nothing  more  is  neceflary 
than  to  Teal  the  point  by  fufion,  taking  care  not  to  change  its  bulk. 

Though  this  inftrument  is  rather  delicate  in  form,  it  has  no  other  imperfe£lion  than 
the  natural  brittlcnefs  of  the  material,  which  muft  necefiarily  be  ufed  for  experiments  with 
Taline  and  acid  liquors.  For  fix  months .  paft  I  have  made  very  frequent  ufe  of  one  of 
thcfe  inflrUments  in  the  Polytechnic  School,  without  any  other  inconvenience  than  that  one 
cf  the  branches  of  the  lower  bafon  was  accidentally  broken. 

Nothing  more  remains  but  to  render  it  portable.  I  apprehend  that  this  obj^£l  is  fuf- 
ficiently  fecurcd  by  means  of  a  cafe  in  which  all  the  delicate  parts  arc  fccured  from 
prefTure,  and  the  heavier  parts  fupported  in  fuch  a  manner  as  to  refift  the.  excefs  of  motion., 
they  are  capable  of  acquiring  by  virtue  of  their  mafs.  This  laft  circumftance  is  frequently 
overlooked  by  fuch  workmen  as  arc  employed  in  the  package  of  inftruments;  whence  it  nc- 
cefTarily  follows,  that  fopfie  ftrain  or  frafture  muft  be  produced  when  matters  of  very  unequal 
dcnfity  are  expofed  to  receive  a  common  impiilfe. 

VgL.  I.— JONfi  1797.  •■•■-'  Q^  ■  ■■'"'  i^Jjg 
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The  method  of  fecuriog  this  inftrumeat  in  its  icaCe  will  be  better  underftood  from  the 
iigure,  than  from  the  moft  extended  verbal  defcription. 


ADBiriON  to  the  foregoing  MEMOIR. 

THE  conftant  ufe  I  have  made  of  the  gravimcter  fince  I  prefcnted  the  defcription  to  the 
National  Inflitute,  has  led  me  to  make  fome  flight  changes,  by  which  its  conftru£lion  is 
rendered  more  eafy^  and  the  efFcfts  of  brittlenefs  in  one  of  its  principal  parts  are  removed. 

It  has  alfo  appeared  to  be  of  fome  utility  to  annex  to  this  memoir  the  formula,  by  means 
of  which,  the  gravimeter  being  once  well  adjufted,  we  are  enabled,  by  a  very  fimple  calcu- 
lation, to  find  the  fpectfic  gravity  of  any  fuhjlance  'whatever  in  proportion  to  that  of  Mfiilled 
water  at  the  temperature  of  12.5  degrees  (f  the  decimal  thermometer^  and  757.7  millimeters  of 
frejfurey  without  the  ufe  either  of  dijlilled  water ^  or  the  thermometer  or  barometer.  The  afto- 
nifliment  which  I  have  fometimes  remarked  when  the  problem  has  been  thus  announced^ 
induces  me  to  think  that  the  folution  here  added  will  be  acceptable^  inftead  oi  the  reference 
to  the  article  Areometer  of  the  Dictionary  of  Chcmiftry,  in  the  Encyclopedic  Methodique. 

I  (hall  likewife  add  an  explanation  of  the  figures  which  reprefent  the  inftrument  and 

its  cafe,  together  with  examples  of  the  application  of  the  gravimeter  to  tables  of  fpecific 

gravity. 

Defcription  of  a  Solid  Additional  Piece  for  the  Louver  Bq/on. 

THE  condition  of  hermetically  fealing  the  additional  piece  without  changing  its  volume 
neceflarily  requires  that  the  part  n'ear  the  aperture  (hould  be  very  thin.  J^ence  it  has  fome- 
times happened  that  the  point  was  broken  without  any  external  UoWj  but  merely  in  con* 
fequence  of  the  motion  of  the  mercury  contained  within.  A  fimilar  glafs  bulb  might  in« 
deed  be  added ;  bat  this  conftitutcs  but  a  fmall  part  of  the  remedy.  For  it  is  neceitary  to 
adjuft  the  inftrument  again  to  preferve  the  property  of  meafuring  the  fpecific  js^avity  of. 
the  denfer  fluids,  and  it  has  been  found  that  this  operation  was.  not  exempt  from  difficulties 
when  the  defired  degree  of  precifion  was  to  be  fought. 

I  have  remedied  this  inconvenience  by  fubftituting  in  the  pbjce  of  tbe  ^lafs  bulb  loade.d 
with  mercury  a  fmall  mafs  of  folid  glafs,  as  the  fl:ogperof  abottl^-which  is  firft  brought 
to  the  proper  form  by  grindii^g,  and  afterwards  carefully  dixniniflied,  until>  when  placed 
in  the  lower  bafon  of  the  inftrui^ent,  its  immerfion  in  diftilled  water  at  the  required  de- 
grees of  temperature  and  preflure  ihall  be  exa£Uy  the  fame  as  when  the  inftrument  is 
floated  in  the  fame  liquid  with  its  -conftant  additional  weight  in  the  upper  bafon  -only. 

By  this  means  there  is  a  certainty  of  acquiring  the  utmoft  degree  of  preciGon  at  firft 
trial  'f  becaufe  the  whole  procefs  is  reduced -to  the  mere  adjuftment  of  a  we^ht. 

Concerning  the  Application  of  the  Gravimiter,  to  find  the  Specific  Gravity  of  any  Stihfiance  what» 
tvfTy  without  requiring  Difiilled  Water ^  or  the  Thermometer  or  Barometer,  or  any  fubfequent 
CorreBion*. 

THE  gravimcter  being  fuppofcd  to  be  well  regulated,  let  x  reprefent  the  fpecific  gravity 
Yought ;  b  the  additional  weight  neceflary  to  fink  the  inftrument  to  the  mark  in  the  unknown 

fluid  I 

•  There  is  a  corre£llon  overlooked  by  the  celebrated  author  of  this  paper,  and  by  aloioft  .evjcxy  writer  oq 
ttis  fubjefk.     It  arifcs  from  the  expaniion  or  contnimon  of  the  ififtruBient  itfcif,  aiid  of  the  folid  under  eza* 

mination. 
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fluid;  e  tlic  weight  which  placed  with  the  folid  in  the  upper  bafon  immerfes  the  inftrument  to 
the  mark;  d  the  additional  weight  to  produce  the  fame  efie£t  when  the  body  is  in  the  lower 
bafon;  TI  the  fpecific  gravity  of  diftilled  water,  at  the  temperature  of  12.5  degrees  of  the 
decimal  thermometer,  and  the  preflurc  of  75 7. 7  millimeters  =  i  ;  11 'the  fpecific  gravity 
of  the  water  made  ufe  oL 

The  following  formula  gives  the  folution  *  :  x  =  — -jz 

The  value  of  II' is  firfl  to  be  found,  which  is  greater  than  unity  when  the  water  made 
ufe  of  is  heavier  than  diftilled  water,  and  in  the  contrary  cafe  is  a  fraction. 

Let  P  reprcfcnt  the  weight  of  the  gravimetcr  without  any  additional  weight  1;  V  the  con- 

ftant  volume  of  the  immerfed  part ;  a  the   additional  conllant  weight  in  the  upper  bafon, 

OT  that  which  immerfes  it  to  the  mirk  in  diftilled  water  11;  and  wc  Ihall  have  P  +  a  =  V 11; 

P  +  fl 
whence  V  =     j. 

Again  b  reprefents  the  weight  more  or  lefs  than  /?,  which  muft  be  fubftituted  to  produce 
the  fame  immerCoii  in  another  liquor  different  from  diftilled  water. 

t  We  fliall  therefore  have  n'=  -^  =  p-r^- 

The  value  of  FI'  being  found,  every  thing  elfe  is  known  ;  nothing  more  being  neccfTary 
than  to  fubftltute  this  value  in  the  formula. 

I  am  perfuaded  that  philofophers  will  immediately  perceive  the  advantages  of  this  method. 
Diftilled  water  was  wanting;  but  this  praxis  renders  it  unnecefTary.  Even  if  diftilled 
water  were  at  hand,  it  would  feldom  happen  that  the  times  of  the  'ftandard  temperature 
and  prefliire  would  agree  with  thofe  of  the  experiment ;  and  when  an  artificial  temperature 
is  produced,  it  is  fubje£l  to  vary  during  the  courfe  of  the  experiment.  All  thefe  difficulties 
are  removed ;  and  even  when  diftilled  water  is  at  hand,  I  prefer,  more  efpecially  in  fummer, 
water  containing  a  fmall  portion  of  neutral  fait.    Two  motives  juftify  this  preference : 

mination.  I  am  not  prepared  to  fiate  the  method  of  applying  this  carreAioa;  and  fhall  only  remark,  in  thi^ 
place,  that  the  mere  changpof  dhnenfiona  from  temperature  in  a  ^icce  of  fteel  (independent  of  the  greater  change 
in  the  whole  inftrument)  will  alter  the  fourth  figure  at  every  third  degree  of  Fahrenheit.  For  pyrometrical 
data  fee  Philof.  Journal,  I.  58.    N. 

'"*  For  the  take  of  thcfc  who  arc  unacqnainted  with  fymbols,  I  flisll  here  give  the  rule  in  words  at  length 
From  the  weight  in  the  upper  difh,  when  the  inftrument  is  properly  immerfed  in  the  unknown  fluid,  uke  the 
weight  which  it  placed  with  the  body  in  the  fame  fcalc  at  the  like  adjuftmene.  The  remainder  is  the  abfolutc 
weight  of  the  folid.  Multiply  this  by  the  r|>ecific  gravity  of  the  fluid,  and  referve  the  produfl.  From  the  ad> 
ditional  weight  when  the  hody  is  placed  in  the  lower  bafoB,  take  the  additional  weight  when  it  was  placed  in 
the  upper.  The  remainder  will  be  the  lofs  of  weight  by  immerfion.  Divide  the  referved  product  by  the  lofs 
by  immcriion,  and  the  quotient  will  be  the  fpecific  gravity  of  the  folid  with  regard  to  diftilled  water  at  the 
ftandard  temperature  and  prcfturc.     N. 

f  7n  the  upper  difh.  For  as  the  lower  additional  piece  alts  only  by  its  reftdual  weight,  and  this  muft  vary 
with  the  fluid,  it  is  clear  that  it  muft  be  confulcrcd  at  pact  of  the  inftrument,  and  enter  into  the  value  of  P 
whenercc  it  is  ufed.  In  fiid:,  the  gravimeter  with  this  piece  is  an  inftrument  pericAly  diftin£k  from  that  in 
which  it  is  not  u(cd,  and  the  adjuftmene  may  then  be  made  as  well  (and  perhaps  moce  eahly)  by  a  conftant 
iinall  weight  in  the  upper  dtOs,  as  by  the  very  delicate  procefs  of  the  author.    N. 

{  Or  in  words :  To  the  weight  of  the  gravimeter  add  the  weight  required  in  the  upper  bafon  to  fink  it  in 
the  unknown  fluid.  Ag.iin,  to  the  weight  of  the  gravimeter  add  the  weight  required  in  the  fame  manner  to 
ftnk  it  in  dfftilicd  water.  Di\-idr  rhc  tirft  fum  by  the  latter,  and  the  quotient  will  be  the  fpeciiic  gravity  of  the 
fluid  in  qvicftion.     N 

Qji  I.  It 
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I.  It  is  more  convenient  to  add  a  few  milligrams  to  the  conftant  additional  weight,  than  to 
compofe  a  lefs  by  a  fcries  of  fub-multiplcs  ;  2.  By  making  ufc  of  a  Kqaid|  at  the  tempera- 
ture of  the  furrounding  air,  it  is  evidently  lefs  expofed  to  fudden  variations.    Thefe  cir- 

cumllances  are  more  favourable  to  accuracy  in  the  refult. 

Explanation  of  the  Figures. 

Fig.  2,  Plate  VI. — ^The  gravimeter. 

a.  The  lower  bafon. 

b.  The  upper  bafon. 

c.  The  point  of  immerfion  marked  on  a  thin  piece  of  glaGs  in  the  infide  of 
the  ftem. 

rig.  3.  The  piece  called /A?/;^wr,  which  is  placed  in  the  lower  bafon  a  when  experiments 
are  made  on  fluids  of  greater  denfity  than  water. 

.  Fig.  4.  The  gravimeter  in  the  cylindric  veffel  filled  with  water,  in  which  it  floats,  im- 
merfed  to  the  mark  c,  by  means  of  the  additional  conftant  weight  d. 

It  is  convenient  to  choofe  a  veflel  of  fuch  a  depth  that  the  inftrument  may  be  at  liberty  to 
float  at  the  level  of  the  mark,  or  even  beneath  it,  without  its  being  poflible  that  the  bottom 
of  the  upper  bafon  (hould  -ever  defcend  to  the  furface  of  the  water. 
Fig.  5.  The  gravimeter  in  its  cafe. 

A.  The  cylindrical  part  of  the  inftrument  lodged  in  a  groove  in.  the  cafe,  and 

fecured  above  by  the  two  projeflions  e  e  which  leave  the  ftem  at  liberty.    It  \% 

fecured  at  the  middle  by  the  brafs  button  f,  and  is  prefled  below  by  a  piece  of 

cork  g,  which  refts  on  the  fixed  block  h. 

i.  Sliding  piece  and  fcrew  to  fupport  the  ballaft-piece,  and  prevent  the  branches 

from  being  endangered  by  any  internal  movement  of  the  mercury, 
k.  The  additional  ballaft-piece,  or  plongeur  in  its  feparate  cell. 
1.  The  conftant  additional  weight  placed  in  a  cell  cut  in  the  folid  wood,  and 
cleared  out  at  the  fides,  fo  that  it  may  be  conveniently  taken  up  when  wanted* 
m.  The  inner  furface  of  the  cover  hollowed  out  at  n  to  receive  without  fridion 
the  projeding  part  of  the  upper  bafon.    A  paper  is  pafted  on  the  inner  furface 
of  the  cover,  to  (hew  the  weight  of  the  gravimeter  with  or  without  the  ad- 
ditional ballaft-piece,  and  the  volume  of  water  it  difplaces  in  either  cafe,  which 
are  often  required  to  be  accurately  known. 

On  the  ufeful  Application  of  the  Gravimeter  to  the  Refult s  of  Tables  rf  Specific  Gravity* 

IT  is  frequently  necelTary,  in  philofophical  as  well  as  commercial  tranfa£lions,  to  deter- 
mine the  proportions  of  a  mixture  of  two  liquids,  or  an  alloy  of  two  metals ;  and  it  has  been 
for  fome  time  known,  that  in  order  to  render  this  operation  eafy  and  certain,  recourfe 
muft  be  had  to  tables  drawn  up  from  obfervation  with  the  affiftance  of  an  inftrument  ca- 
pable of  giving  the  fpecific  gravity  to  at  leaft  three  decimals.  The  gravimeter  will  perfe£Uy 
anfwer  this  purpofe.  To  ihew  this  more  efie£):ually,  I  ftiall  apply  it  to  the  mixture  of 
alcohol  and  water,  and  the  alloy  of  tin  and  lead.  Thefe  two  compofitions  are  precifely 
what  in  a  commercial  point  of  view  moft  frequently  require  to  be  examined  in  this  refpe£l. 
And  I  am  convinced  tliat  an  exhibition  of  the  moft  accurate  refults  of  experiments  of  fuch 

extent  and  minutenefsj  cannot  fail  to  prove  acceptable  in  this  place. 

A  TABLE 


•« 
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A  TABLE  of  the  Specifip  Gravities  of  the  Mixtures  of  Alcohol  and  Water,  with  the 
Proportion  of  thefe  Fluids  at  the  Temperature  of  60  Degrees  of  the  Scale  of  Fahrenheit, 
12,44  of  Reaumur,  15,55  of  the  Decimal  Thermometer. 

JVb/f.  I  have  placed  in  this  table  the  ratios  publifhcd  by  Citizen  Chauflicr,  from  the 
Memoirs  of  Citizen  Gouvenain,  at  the  article  Alcohol  of  the  Encyclopedic  Methodique, 
and  thofc  given  in  the  tables  of  Mr.  Gilpin,  which  arc  recommended  by  the  philofophers 
of  Germany.    Journ.  Phyf.  de  M.  Grcn,  1796,  Tom.  III.  p.  128. 


Centefimal  parts  of 

Specific  Gravities. 

According  to 

^According  to  Gilpin 
(laft  table.     N.) 

the  mixture*. 

Chaufll(^. 

Alcohol        -    iQO 

0.7980 

0.825 

95 

o.8i(f5 

0.83887 

90 

0.8340 

0.85:244 

1    1  .^■.-   i  ^5 

0.8485 

0.86414 

•  ';  1  •'■''■-'-  •  '80 

0.8^20 

0.87606 

75 

0.875^25 
08880 

0.88762 

70 

0.89883 

65 

©•9C05 

0.90941 

60 

0J^120 

0.91981 

55 

0.9230 

0.92961 

50 

oP334 

0.93882 

45 

0^^4265 

0.94726 

40 

0.9514 

0-95493 

35 

0,95865 

0.9^)158 

30 

0.96535 

0.96736 

25 

0.97035 

0.97239 

20 

0.97605 

0.97723 

»5 

0.9815 

0.98213 

JO 

0.9866' 

0.98737 

S 

0-99335, 

0.99327 

0 

0.99835, 

1. 00000 

We  (hall  not  be  furprifed  at  the  diffdrence  between  thefe  two  tables,  if  we  attend  to  the 
circumftance  that  the  alcohol  ufed  by  Chauflier  was  more  highly  re£lified,  its  fpecific  gra- 
vity having  been  only  0.798  at  the  fame  temperature  at  which  the  fpirit  ufed  by  Gilpin 
gave  .0825.  ^ut  it  i»  not  eafy  to  conceive  that  this  difference  could  produce  fo  confiderablc 
a  change  in  the  penetration  or  diminution  of  volume  of  the  mixtures ;  that  indicated  by 
Gilpin  at  equal' parts  of  fpirit  and  water  being  0.025,  whereas,  according  to  ChauiBer,  it 

is  0.0454  f. 

TABLE 

*  By  menfure,  the  water  being  added  as  the  fpirit  is  diminifhcd,  ib  as  to  keep  the  volume  oonfiandy  =  loo. 

f  For  want  of  that  part  of  the  New  Encyclopcdie  which  contains  the  tables  of  Cliauffier,  I  am  not  qualified 
to  give  an  account  of  the  degree  of  accuracy  they  may  poflcfs.  The  tables  of  Gilpin  are  to  be  found  in  the 
fccond  part  of  the  Philofophical  Tranfa£tions  for  1794.  They  arc  comprehended  in  one  hundred  quarto  pages, 
and  exprcfs— for  every  fingle  degree  of  Fahrenheit,  from  3o«>  to  80°  inclufive ;— and  for  all  mixtures  of  ardent 
fpirit  and  water,  formed  by  the  addition  of  i ,  2,  3,  ^c.  parts  by  weight  of  water,  as  far  as  100,  to  the  conftant 
^uaiitity  ;co  of  fpiritj  at  0.S25  fpecific  gravity  when  at  60  ;— and  for  all  mixtures  formed  in  like  manner  by 

4  adding 
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Sfiiific  Gravities  of  Alloy  of  Tin  and  Lead. 


TABLE  of  the  Corrcfpondcncies  of  the  Specific  Gravities  of  Alloys  of  Tin  anS  Lead, 

with  the  refpedive  Proportions  of  thcfe  Metals. 

In  cotiftrufting  this  table,  I  have  made  ufe  of  the  obfervations  publifted  by  M.  Bcr- 
genfticrna  in  the  Memoirs  of  the  Academy  of  Stockholm  for  1780,  and  reprinted  in  the 
Manuel  Syttcmatiquc'of  M.  Grcn  (§  3195).  But  as  he  grounded  all  his  ratios  on  the 
variations  of  abfolute  weight  under  equal  volumes,  and  made  life  of  foreign  weights,  I 
have  been  obliged  to  change  the  expreffion  for  the  more  fimple  and  ufual  proportion  to 
diftilled  water,  taken  as  unity. 

At  every  fifth  line  I  have  added  the  mathematical  fpocific  gravity,  or  that  which  is  deter- 
mined by  calculation,  in  order  to  ftiew  the  changes  of  bulk  which  rcfult  from  the  combina- 
tion, and  in  this  particular  cafe  diminifli  the  denfity  inftead  of  incrcafing  it. 

The  fpecific  gravity  of  pure  lead  to  water  is  as  1 1.1603  to  I. 

The  fpecific  gravity  of  pure  tin  is  7*2914  to  i. 


<«  ^  %«     1    Mathematical 


r 
Tin. 

Lead. 

99 

I 

98 

a 

97 

3 

96 

4 

95 

5 

94 

6 

93 

7 

92 

8 

9< 

9 

90 

10 

7.330b 


7.4848 


7.6782 


Real  Specific 
Gravity. 


7-3S5* 

7-3«7i 
7.4189 

7.4828 
7.5146 

7-55" 

7-5835 
7.6149 


S  Compound  MetaL 

A 

Tin. 

Lead. 

89 

88 

II 
12 

87 
86 

»3 

14 

85 
84 
83 

82 

IS 
16 

81 
80 

19 
.  20 

Mathematical  1  Real  Specific 
Specific  Gravity.        Gravity. 


7.8717 


8.0652 


i**< 


7.6468 
7.6787 
7.7106 

7-74^5 

7-7744 
7.8063 

7.8382 

7.8701 

7.9020 

7-9339 


adding  t,  2,  $«  &c.  parts  by  weight  of  the  fpirit,  to  the  conftant  quantity  100  of  water.  (1)  The  fpecific  graTity 
to  five  places  of  fignret;  (t)  th«  proportioii  of  water  by  meafure  to  the  {picit  tak^n  as  too;  (3)  the  a^ual 
bulk  of  this  lad  noiirturc^  (4)  the  diminution  of  bulk  by  mixture ;  (5)  the  quantity  of  fpirit  per  cent.;  and 
(C)  a  decimal  multiplier,  which  being  applied  to  the  bulk  of  the  mixture  gives  the  meaiureof  the  pure  fpirit  in 
a  mixture  of  that  dcnfity.  Hence  it  may  be  inferred  how  extcnfix^Iy  ufeful  thrs  table  muft  prove  to  all  praAical 
phiiofophers  and  manufacturers.  With  regard  to  its  accuracy,  I  muft  refer  to  the  ample  reports  of  Dr«  (now  Shr 
Charles)  Blagden,  in  the  Tranfa£^ions  for  iiy>y  and  ihall  only  obfen'e  that  the  experimeatf  wert  made  with 
x\yc  babnce  of  the  Trt fidcm  of  the  Royal  Society ;  of  the  admirable  mechanifm  and  (enfibility  of  which»  (bme 
account,  though  imperfe^,  it  given  in  the  Journal  de  Rouer,  Vol.  XXXUI*  and  tliat  the  term  or  ftandard  fpirit 
.S2  5  was  arbitrarily  chofen  from  motives  of  convenience  and  accuracy. 

TliC  fpirit  was  obtained  from  malt.  The  greatcft  ftrength  obtained  by  adding  hot  cauftic  alkali  to  (^irit  and 
then  carefully  diftilling,  gave  a  fpecific  gravity  of  0.8x3  at  60  degrees.  Perhaps  the.circumftances  of  M.  Gou- 
Tcnain's  exporimems  may  Ihew  by  what  mcani  he  fuccceded  in  arnNnng  at  0.7980  at  the  fame  temperatnre. 
No  ufcful  purpofc  wouUl  be  anfwered  by  conjedurc  in  this  place.  From  the  laft  line  in  the  table  here  given  by 
Citizen  Guytoii»  the  fpecific  gravity  of  mere  water  is  fuch  as  to  indicate  a  temperature  of  75  degrees  inftead  of 
60  in  Chauliicr's  column.  In  which  cafe  Gilpin't  ftandard  fpirit  would  have  a  fpecific  gravity  of  o  8178. 
With  regard  to  the  confiderable  difference  in  the  penetration  or  diminution  of  bulk,  it  remabs  to  be  fliewn 
whether  it  depends  upon  any  part  of  the  proceifes  by  which  the  alcohol  was  obtained  and  concentrated,  or,  as  is 

«rtore  probable»  upon  finac  miftake  la  the  calculations  or  methods  of  exprefling  the  quantities.    N. 

^     Compound 
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Compounil  Mcul. 


Tin. 

79 
78 

77 
76 

75 
74 

73 
7a 

7» 
70 

69 

68 

67 
66 

64 

6z 
61 
60 
59 
58 
57 
56 

55 

5+ 
53 
5* 
5' 

50 

48 

47 
46 

45 
44 
43 
42 

4' 

40 


Uid. 

21 
22 
23 

24 

25 
26 

29 

30 

3^ 
3* 
33 
34 

36 
37 
38 

39 
40 

41 
4a 
43 
44 

45 
46 

}2 

49 
50 
5« 
5a 

53 
54 

59 
60 


Mathematical 
Specific  Gravity. 


8. 2  J  86 


8.4520 


8.6455 


8.8397 


9-0333 


9.225S 


p.4203 


9.6139 


1 


Real  Specific 
Gravity. 


7.9658 

7-9977 
8.0296 

8.0615 

8.0934 

8.1253 

8.1572 

8.J891 

8.2210 

8.2529 

8.2848 

8.3167 

8.3486 

8.3828 

8.4170 

8.45 1 1 

8.4853 

8.5195 

8-5537 
8.5879 

8.6228 

8.6562 

8.6904 

8.7246 

8.7588 

8.7929 

8.8271 

88613 

8.8955 
8.9319 

8.9729 

9.0139 

9.0550 

9.0960 

9-1373 
9.1552 

9.2190 
9.2600 

9-3033 
9.3466 


I 


Compound  Mctal.j 

A 

Tin. 

Lead. 

39 

61 

38 

62 

37 

63 

36 

64 

35 

6S 

34 

66 

33 

67 

3* 

68 

31 

69 

30 

70 

29 

71 

28 

72 

27 

73 

26 

74 

25 

75 

*4 

76 

23 

77 

22 

78 

21 

79 

20 

80 

19 

81 

18 

82 

17 

83 

16 

84 

«5 

85 

»4 

86 

»3 

SS 

12 

II 

89 

10 

90 

9 

91 

8 

92 

7 

9i 

6 

1 

94 

5 

9S 

4 

96 

3 

2 

V^ 

I  . 

99 

.  0 

100 

Mathematical 
Specific  Gravity, 


9.8074 


10.0010 


10.1945 


10.3881 


IP.5799 


^0-7734 


10.9668 


IX.I2i6 


Real  Specific 
Gravity. 


V. 


9-4727 

9-4355 
9.4788 

9.5221 

9.5676 

9.6132 

9.6565 

9.7021 

9-7454 

9-7887 
9.8297 

9.8730 

99163 

9-9573 
9.9983 

10.0416 
10.0871 
10.1350 
10.1806 
10.2261 
10.2717 
10.3173 
10.3629 
10.4084 
10.4585 
10.5062 

IO-5S43 
1 0.602  f 

10.6500 
10.7001 

10.7479 

10.7958 
10.8414 
10.8869 
J0.93C4 
J0.9781 
11.0236 
if.0691 
JI.1148 
11.1603 


Difcriptions  of  the  Improved  Air  Pumps  of  Pmince  and  CuTHBMRTSON  s  wM  OhfervaikHr. 

HE  important  nfes  of  the  Air  Pump  are  too  many  and  too  well  known  to  require  epu- 
mcration.  It  is  an  engine,  not  only  calculated  to  dcmonftrate  many  of  the  leading  princi- 
ples in  natural  philofophy,  but  indifpenfatlc  for  the  performance  of  feme  of  the  moft  accu. 

rate 


12  d  Comparifon  between  the  Bfft:Els  of  the  Coffimen  Pump  0nJ  the  Atr  Pump. 

rate  experiments  in  the  Pneumatic  Chcmiftry.  The  air  is  cxhauftcd  out  of  a  receiver  by 
this  inltrument,  by  an  a£)ion  nearly  fimilar  to  that  of  the  common  fucking  pump,  as  it  is  called. 
In  the  common  pump  there  is  a  bucket,  which  by  leathering  is  made  to  Hide,  water-tight,  up 
and  down  the  pipe>;  but  inftead  of  a  ^bottom,  it  is  provided  with  a  valve  or  flap  opening  up- 
wards. By  this  contrivance  the  bucket  may  be  moved  downwards  through  a  column  of 
water  without  producing  any  progreflivc  motion  in  the  fluid,  becaufe  the  valve  thcii  opens 
and  affords  a  free  paflage ;  and,  on  the  contrary,  when  it  is  moved  upwards,  it  muft  alfo 
move  the  whole  of  the  column  above  the  flap  or  valve,  which  is  then  (hut.  Another  valve,  alfo 
opening  upwards,  is  fixed  in  the  pipe  below -the  ordinary  range  of  the  bucket,  and  ferves  to 
prevent  the  return  of  any  fluid  which  may  lie  between  the  two  valves  during  the  defcenc  of 
the  bucket  itfelf. 

In  working  this  common  and  very  ufeful  engine,  it  is  firft  neceflary  to  pour  a  fmall  quan* 
tity  of  water  into  the  pipe  above  the  bucket  $  after  which,  the  handle  being  moved  pro* 
duces  the  following  e(Fe£t :  As  the  bucket  "defcends,  the  fpace  between  the  two  valves  be- 
comes diminifhed,  and  the  air  contained  in  that  fpace  Hfts  the  upper  valve,  and  in  part  rifes 
with  noife  through  the  water  5  after  which,  as  the  bucket  rifes,  and'Sgain  enlarges  the 
fpace,  the  remaining  air  expands  by  its  fpring,  which  is  thus  weakened.  The  air  in  the  pipe 
bqncath  the  lower  valve  will  therefore  aft  more  ftrongly  upwards  by  its  entire  fpring  than 
the  air  above  does  downwards.  It  will  open  the  valve,  and  rife  up  into  the  tipper  fpace ;  at 
the  fame  time  that  the  preflure  of  the  external  air,  upon  the  water  in  the  weH,  will  drive  part 
of  the  water  ^fter  it  into  the  lower  part  of  the  pipe.  By  continuing  the  work  fora  few  ftrokes 
the  included  air  is  thus  entirely  drawn  out  and  fucceeded  by  water,  provided^tbe  height  from 
the  furface  of  the  fluid  in  the  well  to  the  upper  valve  be  not  fo  great  as  to  include  a  column 
of  upwards  of  thirty-three  feet.  For  fuch  a  column  would  be  fufficicntly  heavy  to  counter- 
poife  the  whole  preflure  of  the  atmofph^re^  and  woidd  accordingly  prevent  any  farther 
afcent. 

If  this  laft^mentioned  cafe  wc|e  to  exift,  or  if  the  lower  aperture  of  the  pipe  were  clofed, 
it  may  without  difiiculty  be  Mnderftood  that  in  theory,  tliat  is  tb  fay,  with  a  perfeft  inftru- 
ment,  the  air  beneath  the  lower  valve  "would  become-  more  and  more  rarefied  to  a  certain 
point  as  the  procefs  was  continued.  Aiud  the  progrefs  and  extent  of  this  rarefaction  would 
be  computable  from  the  known  ratios  of  the  greatefl  and  leafl:  fpaces  between  the  valves 
when  in  their  extreme  pofitions,  together  with  the  aflumed  conditions  that  the  air,  however 
greatly  rarefied,  would  difl^ufe  itfelf  equally  through  the  containing  fpace,  and  that  the 
lower  valve  fhall  aflbrd  no  refinance  to  the  power  applied  to  open  it  when  the  bucket  is 
elevated.  It  will  alfo  follow,  that  the  fame  rarefa£lion  might  be  produced  in  any  veflel  con- 
taining air,  and  communicating  only  with  the  pipe  of  the  pump  beneath  the  lower  valve. 

Thus  it  is  feen  that  the  common  fucking  pump  is,  in  fa£l,  an  air  pump  before  it  operates 
as  a  pump  for  water ;  and  that  nothing  more  is  required  to  conflitute  the  philofophical  air 
pump  than  convenience  of  fize,  accuracy  of  workman fliip,  and,  that  the  refi (lance  at  the 
yalves  be  either  diminiflied  or  removed. 

It  would  be  to  little  purpofe  to  enter  into  any  difcuflion  concerning  the  original  conftruc- 
tion  of  the  air  pump,  as  invented  by  Otto  Guerlcke,  and  afterwards  improved  and  mpft  ufe- 
fully  employed  by  our  eminent  countryman  Robert  Bpyle.  It  is  generally  allowed  at  pre- 
fentj  that  fuch  air  pumps  as  operated  by  means  of  flop-cocks  inftead  of  the  lower  valve,  are 

not 
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Hot  durablC)  but  foon  become  leaky.  If  ever  thefe  pumpsi  of  which  ^ngnvings  are  to  Be 
feen  in  the  works  of  Mufchenbroek  and  S'Gravefande,  were  ufed  in  England,  which  I  think 
was  not  the  cafe,  they  mull  have  been  long  fuperfeded  by  the  cheaper  and  more  (imple 
contrivance  of  valves  formed  by  tying  aflrip  of  bladder  over  a  fmall  hole  through  which  the 
air  is  allowed  to  pafs  in  one  direction  only.  Mr.  Smeaton  was  of  opinion,  that  the  opera- 
tion of  the  air-pump  is  rendered  defective  from  the  fmall  furface  of  preffure  at  which  the 
air  afis  againft  the  bladder  of  the  lower  valve,  as  well  as  from  the  preflure  of  the  external 
air,  which  is  fuppofed  to  prevent  the  upper  valve  from  opening  in  the  laft  ftages  of  the  pro- 

cefs.  To  remedy  thefe  imperfeftions,  he  made  a  number  of  hexagonal  holes  inftead  of  the 
one  fmall  hole  ii>  the  valve ;  and  by  pafling  the  rod  of  the  pifton  through  a  collar  of  leathers 
at  the  top  of  the  barrel,  which  was  clofed,  with  the  exception  of  a  valve  opening  outwards, 
he  prevented  the  external  air  from  a£l!ng  upon  the  valve  of  the  pifton  in  its  defcent  •. 
Mr.  Abraham  Brooke  of  Norwich,  by  experiments  with  the  common  air-pump,  has  rendered 
it  at  lead  doubtful,  whether,  in  pumps  equally  well  made,  thefe  be  improvements  at  allf. 
But,  previoas  to  the  time  this  lad  author  wrote,  there  exifted  two  other  air-pumps,  con- 
taining improvements  both  in  principle  and  workmanfhip  fufficient  to  annihilate  any  contro- 
verfy  refpe£ling  the  merits  of  the  common  pump,  and  that  of  Smeaton.  Thefe  were  made 
by  the  Rev.  Mr.  Prince,  of  Salem  in  North  America,  and  Mr.  John  Cuthbertfon  of  Amfter- 
dam.  The  firft  is  defcribed  in  the  only  volume  of  Memoirs  publifhed  by  the  Americs^n 
Academy,  and  is  fcarcely  known  in  the  philofophical  world.  The  other  is  defcribed  in  t 
publication  :^  by  the  inventor  j  of  which  the  circulation  muft,  in  the  ordinary  courfe  of 
things,  be  confiderably  limited.  I  have  thought  it  my  duty  to  prefent  both  to  the  world  in 
lhi«  place. 

Mr.  Prince's  paper  contains  a  confiderable  portion  of  matter  relative  to  the  air-pump  of 
Smeaton,  partly  defcriptive  of  the  improvements  made  by  that  ingenious  mechanic,  and 
partly  by  way  of  comparifon  with  his  own.  For  the  fake  of  brevity,  I  have  omitted  thefe, 
and  other  matters  of  lefs  confequence ;  but  in  the  eflential  parts  of  the  account  I  have  kept 
as  nearly  as  poflible  to  the  words  of  the  author.    ^ 

From  the  account  of  Mr.  Smeaton's  fuccefs  in  facilitating  the  opening  of  the  yalves  at 
the  bottom  of  the  barrel  and  in  the  pifton,  Mr.  Prince  fuppofed,  if  thofe  valves  were  en- 
tirely removed,  and  the  remaining  air  in  the  barrel  could  be  more  perfeflly  expelled,  the 
rarefaflion  might  be  carried  ftill  further.  Upon  this  plan  he  conftrudled  his  pump.  He 
removed  the  lower  valve,  and  opened  the  bottom  of  the  barrel  into  a  cifterii  on  which  it  was 
placed,  and  which  had  a  free  communication  with  the  receiver.  For  the  valve  oh  th&  plate 
at  the  top  of  the  barrel  (which  is  con(lru£):ed  like  Smeaton's)  makes  it  unneceflary,  as  he 
remarks,  that  there  (hould  be  any  at  the  bottom  in  order  to  rarefy  the  air  in  the  receiver. 

The  gftern  is  deep  enough  to  allow  the  pifton  to  defcend  into  it  below  the  bottom  of  the 
barreh  Suppofe  then  the  pifton  to  be  folid,  that  is,  without  a  valve  in  it ;  when  it  enters 
the  barrel  and  rifes  to  the  top  plate,  which  is  made  air-tight  with  a  collar  of  leathers,  &c. 

♦  Philofophicil  Tranfatlions,  XLVII. 

f  Mifccllancous  Experiments  ami  Remarks  on  Elc^ricity,  &c.  by  A.Brooke.  Norwlchy  1789.  P.  itj, 
and  elfewhere. 

X  DefcriptioQ  of  an  improved  Air  Pump.  By  John  Cuthbertfon.  O^avoy  41  pages.  Lond(H)i  no  date. 
This  artift  is  at  prcfem  fettled  in  London. 
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like  Smeaton'sy  it  forces  out  all  the  air  above  it  \  and^  as  the  air  cannot  return  into  the  bar- 
rel on  account  of  the  valve  on  the  top  plate,  when  ih?  pifton  defcends,  there  will  be  a  va- 
cuum formed  between  that  and  the  plate,  every  thing  being  fuppofcd  perfeft.  But  in 
working  the  pump,  the  pifton  is  not  allovired  to  defcend  entirely  into  the  ciftcrn  fo  far  as  to 
leave  the  bottom  of  the  barrel  open  \  becaufe,  as  the  ciftern,  for  another  purpofc,  is  made 
larger  than  the  bore  of  the  barrel,  this  might  make  the  piflon-rod  work  unfteadily  in  the 
collar  of  leathers,  and  caufe  it  to  leak^  but  it  defcends  below  a  hole  in  the  fide  of  the 
barrel  near  the  bottom,  which  opens  a  free  communication  between  the  barrel,  ciftern,  and 
receiver.  Through  this  hole  the  air  rufties  from  the  ciftern  into  the  exhaufted  barrel,  when 
the  pifton  has  dropped  below  it ;  and  by  its  next  afcent  this  air  is  forced  out  as  the  other 
was  before.  If  now,  the  capacity  of  the  receiver,  ciftern,  pipes,  &c.  below  the  bottom  of 
the  barrel,  taken  together,  be  equal  to  the  capacity  of  the  barrel,  half  the  remaining  air  will 
be  expelled  by  every  ftroke. 

But  as  the  working  a  pump  of  this  kind  with  a  folid  pifton  would  be  laborious,  on  ac* 
count  of  the  refiftance  it  wt)uld  meet  with  in  its  defccnt  from  the  air  beneath  (though 
this  would  be  leflcned  by  every  ftroke  as  the  air  became  more  rarefied),  the  iny enter,  to  re- 
medy  this  inconvenience,  pierced*  three  holes  in  the  pifton  at  equal  diftances  from  each 
other  *,  and  a  circular  piece  of  bladder,  which  is  tied  over  the  top  of  the  pifton,  to  make  the 
joint  more  perfect  with  the  top  plate,  and  to  defend  them  from  injury  when  the  pifton  is 
brought  up  againft  it,  forms  a  kind  of  valves  over  the  holes,  which  open  eafily  enough  to 
prevent  any  labour  in  working  the  pump,  as  it  allows  the  air  to  pafs  through  the  pifton  when 
it  defcends.  But  the  air  does  not  neceftarily  depend  upon  a  paflfage  through  the  pifton  in 
order  to  get  into  the  barrel :  for  when  the  air  becomes  fo  weak  from  its  rarefaction  that  it 
cannot  open  this  valve,  it  will  ftill  get  into  the  barrel  when  the  communication  is  opened  by 
the  hole*  at  the  bottom.  This  pifton,  therefore,  will  defcend  as  eaftly  as  any  others  and  thefe 
valves  do  not  impede  the  rarefadiion,  (ince  it  is  of  no  confequence,  as  to  this,  whether  thcf 
open  or  not.  By  this  conftruftion  the  valves,  which  Mr.Smeaton  only  made  to  open  with 
more  eafe,  are  rendered  unneceifary  in  rarefying  the  air,  and  that  at  the  bottom  of  the  barrel| 
which  is  the  moft  difficult  to  be  made  and  kept  in  order,  is  entirely  removed  ;  the  valve  on 
the  top  plate  being  the  only  one  neceflary  in  rarefying  the  air. 

But  as  in  a  (ingle-barrelled  pump  of  this  conftrudlion,  where  there  is  no  valve  at  the 
bottom  to  prevent  the  air,  which  follows  the  pifton  in  its  afcent,  from  returning  into  the 
receiver  in  its  defcerit,  a  fluftuation  would  be  produced  which  might  prove  detrimental  in 
fome  experiments,  this  pump  is  made  with  two  barrels,  which  rarefy  the  air  at  every  ftroke 
of  the  winch.  In  this  conftruftion,  the  capacity  of  the  two  barrels  taken  together  below 
the  piftons  is  always  the  fame  \  for  while  one  is  defcending  the  other  afcends,  and  what 
is  taken  from  the  one  is  added  to  the  other. 

Having  thus  fet  afide  the  valves  which  in  fome  meafure  prevented  the  air  from  entering 
the  barrel  above  the  pifton,  he  next  attempted  to  expel  the  air  more  perfeftly  out  of  the 
barrel  than  Mr.  Smeaton  had  done,  by  making  a  better  vacuum  between  the  pifton  and  the 
top  plate,  which  would  allow  more  of  the  air  to  expand  itfelf  into  the  barrel  from  the  re- 
ceiver. 

Upon  Mr.  Smeaton's  plan,  our  author  alfo  contrived  to  conneft  the  valves  on  the  top 
plates  with  the  receiver  occa(lonally,by  means  of  a  pipe  and  cock,  by  the  turning  of  which  the 

machine 
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machine  may  be  made  to  exhauft  or  condenfe  at  pleafure.  This  is  done  in  the  following 
manner :  There  is  a  crofs  piece  laid  over  the  valves  extending  from  one  barrel  to  the  other, 
which  has  a  duel  through  it  connected  with  a  fmall  pipe  Handing  between  the  barrels ; 
through  this  pipe  the  air  pafles  into  a  duft  at  the  bottom  piece  leading  to  the  cock.  In  this 
piece  is  likewife  the  d\x<k  leading  from  the  cittern  to  the  cock ;  and  with  this  cock  alfo  is 
connefted  the  pipe  leading  to  the  receiver.  The  key  is  pierced  with  two  holes,  in  fuch  a 
manner,  that  one  of  them  will  connc«£l  the  pipe'  coming  from  the  receiver  with  the  du£l  in 
the  bottom  piece  leading  to  the  ciftern,  or  with  the  other  leading  to  the  valves,  as  may  be 
required  for  exhaufting  or  condenfing.  The  other  hole  through  the  key  will  open,  occa- 
fionally,  to  the  atmofphere  either  of  thcfe  duels  round  the  cock :  fo  that,  having  the  direc- 
tion of  the  air  which  pafles  through  the  valves  under  the  command  of  this  cock,  the  pump  may 
exhauft  or  condenfe  at  pleafure ;  for  when  the  key  connefts  the  pipe  from  the  receiver  and  the 
du£l  leading  to  the  cifterns  together,  the  pump  will  exhauft ;  and  when  it  connects  the 
pipe  with  the  duft  leading  to  the  valves,  it  will  condenfe,  as  the  other  hole  in  the  key  at  the 
fame  time  opens  to  the  atmofphere  the  du£l  leading  to  the  cifterns,  by  which  paflTage  the 
air  enters  the  barrel  from  the  atmofphere,  is  forced  out  at  the  valves,  and  through  the  pipe 
and  cock  into  the  receiver.  In  this  part  of  the  machine  which  is  contrived  for  condenfa- 
tion,  the  inventor  has,  by  an  additional  part,  endeavoured  to  get  the  air  more  perfeclly  out 
of  the  barrel. 

Wc  have  feen,  fays  he,  that  Mr.  Smeaton,  by  making  the  pifton  of  his  pump  fit  more 
cxaftly  to  the  bottom  of  the  barrel,  and  by  fliutting  up  the  top  to  prevent  the  preflure  of 
the  atmofphere  on  the  pifton  valve,  was  able  to  get  more  of  the  air  above  it  than  could  be 
eiflfeAed-  in  the  common  pump :  but  ftlll  the  difficulty,  though  fo  far  removed,  remains  i  i 
the  top  of  the  barrel  \  for,  as  the  pifton  cannot  be  made  to  fit  fo  exa£lly  to  the  top  plate, 
but  that  there  will  be  fome  lodgement  for  air,  it  is  impoffible  to  expel  it  entirely.  More 
perhaps  might  be  expelled  if  the  valve  on  the  top  could  be  made  to-open  more  eafily,  by 
removing  the  weight  of  air' from  it ;  for  the  atmofphere  preffing  on  this  valve  will  prevent 
its  opening  freely,  in  the  fame  manner  as,  when  preffing  on  the  pifton  valve,  it  obftruds  the. 
opening  of  that  in  the  common  pump. 

The  difficulty  which  Mr.  Smeaton  removed  from  the  pifton  valves,  Mr.  Prince  endeavour- 
ed to  remove  from  the  valve  on  the  top  plate  ;  that  this  valve,  having  the  preflure  of  the  atmo- 
fyhere  taken  ofl^,  might  open  with  the  fame  eafe  as  the  pifton  valve  does  in  his  pump.  To 
tSc€t  this,  there  is  conne£led  with  the  dufl  on  the  bottom  piece  which  conveys  the  air  from 
the  valves  to  the  cock,  a  fmall  pump  of  the  fame  conftrudlion  as  the  large  one  ;  having  the 
barrel  opening  into  a  ciftern,  the  pifton  rod  moving  through  a  collar  of  leathers,  and  a  valve 
near*  the  top,  through  which  the  air  is  forced  into  the  atmofphere.  This  pifton  is  folid ;  be- 
caufe  the  diameter  being  only  half  an  inch,  does  not  make  it  work  hard.  T  his  pump,  which 
is  of  one  barrel  only,  he  calls  the  valve  pump  5  its  chief  ufe  being  to  rarefy  the  air  above  the 
Valves,  or  remove  the  weight  of  the  atmofphere  from  oflFthem.  7^o  ufe  this  pump,  it  is 
ncceflary  the  key  of  the  cock  fliould  be  pierced  diflTerently  from  that  of  Mr.  Smeaton's ;  for, 
26  the  pipes  round  his  are  placed  at  equal  diftances,  whert  the  one  from  the  bottom  of  the 
barrel  is  connefled  with  that  from  the  receiver  to  exhauft  it,  the  other  from  the  valve  on  the 
top  plate  is  opened  to  the  atmofphere  by  the  other  paflage  through  the  cock.  But  in  order 
to  rarefy  the  air  above  the  valve  in  my  pump,  it  is  necefiary  this  laft  paflage  (hould  be  ihut 
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up  when  the  valve  pump  is  ufed.  Inftead,  ihereforci  of  placing  the  three  du£ls  at  equaf 
diftances  round  the  cock,  I  have  divided  the  whole  into  five  equal  parts;  leaving  the  dif« 
tance  of  one  fifth  part  between  the  du^is  leading  from  the  ciftern  and  the  valves  to  the 
cock,  and  two  fifths  between  each  of  thefe  and  the  one  leading  from  the  cock  to  the  re- 
ceiver. By  this  adjuftment,  when  the  communication  is  open  between  the  receiver  and  the 
valves  for  condenfation,  the  other  hole  through  the  cock  opens  the  ciftems  to  the  atmo- 
fphere  i  but  when  the  communication  is  made  between  the  cifterns  and  the  receiver  for  ex- 
hauftion,  a  folid  part  of  the  key  comes  againfl  the  du£l  leading  to  the  valves,  and  fliuts  it 
up,  and  the  air  which  is  forced  out  of  the  barrel  pafles  through  the  atmbfphere  into  the 
valve  pump ;  for  the  valve  of  the  fmall  pump  may  be  kept  open  while  the  great  one  is 
worked. 

Upon  this  conftruftion  alfo  we  are  able  to  make  the  pump  with  two  barrels  like  the  com- 
mon  pump,  which  cannot  be  dohe  conveniently  where  the  lower  valve  is  retained  %  becaufe  it 
would  be  difficult  to  make  the  pifton  in  one  barrel  come  exaflly  to. the  bottom*  at  the  fame 
rime  that  the  piflon  in  the  other  touched  as  exacftly  at  the  top ;  it  would' at  lead  require  a 
nicety  in  the  workmanfhip  which  would  be  troublefome  to  execute. 

In  this  pump  the  piftons  do  not  move  the  whole  length  of  the  barrels:  there  is  a  horizon- 
tal fcQion  made  in  them  a  little  more  than  half  way  from  the  bottom  where  the  top  plates- 
tre  inferted.  See  Fig.  6.  PI.  VI.  By  this  means  the  pump  is  made  more  convenient  and  fimple^ 
as  the  head  of  it  is  brought  down  upon  the  top  of  the  barrels  in  the  fame  manner  as  in  the 
common  air  pump.  The  barrels  alfo  (land  upon  thef^me  plane  with  the  receiver  plate,  and' 
this  plane  is  raifed  high  enough  to  admit  the  common  gauge  of  thirty-two  or  three  inches, 
to  ftand  under  it  without  any  inconvenience  in  working  the  pump,  as  the  winch  moves 
through  a  lefs  portion  of  an  arch  at  each  ftroke,  than  it  would  if  the  piftons  moved  the 
whole  length  of  the  barrels. 

There  is  alfo  placed,  between  the  barrels  in  this  pump,  on  the  crofs  piece  over  the 
valves,  a  gauge  to  meafure  the  degree  of  condenfation,  having  a  free  communication  with 
the  valves,  cock,  &c.  This  gauge  is  fo  conftruftcd  that  it  will  alfo  fcrvc  to  meafure  the 
rarefaAion  above  the  valves  when  the  air  is  worked  off  by  the  valve  pump.  It  confifis  of  a. 
pedeftal,  which  forms  a  ciftern  for  the  mercury,  a  hollow  brafs  pillar,  and  glafs  tube  her-^ 
mettcally  fcaled  at  one  end,  which  moves  up  and  down  in  the  pillar  through  a  collar  of  ]ea» 
thers.  The  die  of  the  pedeftal  is  made  of  glafsj  as  well  to  hold  die  quickfilver  as  to  expofe 
its  furface  to  view,  that  it  may  be  feen  when  the  open  end  of  the  tube  is  put  down  into  it  or 
raifed  out  of  it.  The  body  of  the  pillar  is  partly  cut  a^vay  to  expofe  the  tube  to  view  in  the 
fame  manner. 

If  the  pump  be  ufed  as  a  condenfer,  the  degree  of  condenfation  is  fliewn  by  a  fcale 
marked  on  one  edge  of  the  pillar  :  if  it  be  ufed  as  an  exhaufter,  the  degree  of  the  rare*- 
faAion  of  the  air  above  the  valves  is  fliewn  by  a  fcale  marked  on  the  other  edge  of  the  pillar* 

This  gauge  will  alfo  ferve  to  fhew  when  the  valves  have  done  playing,  either  with  the 
weight  of  the  atmofphere  on  them  or  taken  off.  If  we  want  to  know^when  they  ceafe  open* 
ing  with  the  weight  of  the  atmofphere  on  them,  draw  the  pifton  of  the  valve  pump  into 
its  barrel,  to  prevent  any  air  efcaping  through  that  valve  :  in  this  fituation  work  the  great 
pump  again  ;  and  if  any  air  paftes  through  the  valves  into  the  pipe,  the  gauge  will  rife  by 
condenfation.  This  condenfed  air  muft^  then  be  let  out  by  opening  thexommunicatton  at  the 
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cock  ^th  the  outward  air.  By  repeating  this  till  the  gauge  rifes  no  longeri  we  may  know  the 

valves  will  open  no  more  while  the  weight  of  the  atmofphere  lies  on  them  $  and  the  rare- 

faAion  in  the  receiver  can  be  carried  no  further.     When  the  weight  of  the  atmofphere  is 

to  be  removed^  after  condu£ling  as  in  the  former  experiment,  raife  the  open  end  of  the  tube 

aboTC  the  furface  of  the  mercury,  and  then  work  the  valve  pump;  and  the  air  will  be  rarefied 

over  the  valves  and  in  the  tube  to  the  fame  degree  (we  may  fee  when  the  valve  of  this  pump 

has  done  playing,  by  unfcrewing  the  cap  that  covers  it).     The  open  end  of  the  tube  is  then 

to  be  imraerfed  into  the  mercury,  and  the  great  pump  worked.     The  air  which  paflTes 

through  the  valves  will  then  raife  the  gauge  by  condenfation ;  and  thus  by  alternately  raifing 

and  deprefling  the  tubci  and  working  the   two  pumps   in  their  turns,  we  may  carry  the 

rarefa£lion  of  the  air  in  the  receiver  as  far  as  the  power  of  the  pump  will  go.     If 'one  of  Mr. 

Smeaton's  pear  gauges  be  ufed  in  the  receiver,  as  he  dirc£ts|  the  difference  of  the  rarefaAion 

in  the  two  experiments  may  be  known.     And  as  the  air  above  the  valves  may  be  rarefied  to 

difierent  degrees,  it  may  be  known,  by  the  two  gauges,  what  proportion  the  rarefadion  above 

the  valves  bears  to  the  degree  of  exccfs  in  the  receiver.     This  condenfing  gauge  can  be 

taken  off",  and  a  button  fcrewcd  into  the  hole  in  its  (lead,  in  any  cafe  wherein  a  greater  degree 

of  condenfation  is  required  than  the  glafs  will  bear.     When  a  glafs  receiver  is  ufed,  this 

gauge  may  be  placed  within  it,  where  it  will  meafure  any  degree  of  condenfation 'the  re* 

ceiver  Nvill  bear  without  danger  to  the  gauge  ;  or  the  capacity  of  any  receiver  may  be  mea- 

(iired  by  this  gauge  before  it  is  removed  from  its  place,  by  fliewing  how  many  (hrokes  of  the 

winch  will  throw  one  atmofphere  into  the  receiver  ^  then  turning  the  cock  to  prevent  any 

air  efcaping,  change  the  gauge  for  the  button.     When  this  is  done,  the  degree  of  condenfa* 

tion  may  be  further  meafured  by  the  number  of  ftrokes. 

As  in  cafes  where  great  condenfation  is  required,  there  mu(l  be  a  great  deal  of  labour, 
and  a- great  drain  on  the  teeth  of  the  wheel  and  pifton  rods,  on  account  of  the  great  diame- 
ter of  the  piltons  *  *,  to  remedy  this^  Mr»  Prince  has  fitted  a  condenfer  of  a  fmaller  bore 
than  the  barrel  of  the  great  pump  to  the  cxftern  of  the  valve  pump,  to  be  fcrewed  on  occa* 
fionally,  by  which  the  condenfation  may  be  finilhed,  inftead  of  the  great  pump.'  Or,  to 
(ave  the  work  and  expence  of  this  condenfer,  the  valve  pump,,  if  made  a  little  larger,  may 
be  eafily  fitted  for  the  fame  purpofe,  by  having  a  plate  made  to  fcrew  into  the  bottom  of 
the  cylinder  occafionally,  with  a  valve  on  it  opening  into  the  ciftem  :  a  hole  muft  alfo  be 
nade  to  be  opened  on  the  fame  occafion near  the  topof  the  cylinder,  to  let  air  in  below  the 
pifton  when  this  is  drawn  up  above  it. 

The  common  gauge,  which  is  generally  placed  under  the  receiver  plate  in  this  pump,  is 
placed  in  the  front,  that  it  may  be  ieen  by  the  perfon  ^ho  is  working  the  pump,  and  tliai 
the  place  may  be  left  free  for  other  ufes. 

The  plate  is  fo  fixed  to  the  pipe  leading  to  the  cock,  that  it  may  be  taken  oflF  at  pleafure, 
and  ufed  as  a  transferer ;  or  any  tube  or  apparatus  may  be  fixed  to  it  to  perform  fome  ex- 
periments without  removing  it,  which  will  fave  trouble  and  make  lefiB  apparatus  neceflary. 

*  In  this  pump  the  piftons  are  two  inches  diameter ;  fo  that  there  will  be  about  forty -Mght  p ouDds  added 
to  the  reiiftance  in  opening  the  valves  for  every  atmofphere  thrown  into  the  receiver.    P. 

It  is  oenainly  an  injury  to  an  exhaufting  pump  to  ufe  it  for  condenfing.  This  operation  ought  always  to  be 
pcrfirmed  with  a  long  fyringe  of  fmali  bore.  Such  an  inftrument  would  coft  much  Icfs  than  the  condenfing 
part  of  an  ur  pump,  and  wiU  at  the  fame  time  have  much  more  pawer«    N« 
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The  head  of  this  pump  is  not  divided  as  the  common  one  is,  to  diflodge  the  teeth  of  the 
u'heel  from  the  pifton  rods  when  the  pump  is  to  be  taken  apart,  but  is  made  whole,  except 
a  fmall  piece  in  the  back,  where  the  wheel  is  let  in  ;  which  makes  it  much  more  convenient 
to  remove  the  head,  or  place  it  on  the  barrels.  The  wheel  is  freed  from  the  pifton  rods 
when  required,  by  puihing  it  into  the  back  part  of  the  head  ;  and  when  i't.is  drawn  into  its 
place  and  conncdted  with  them  again,  a  button  is  fcrewed  into  the  focket  of  the  axis  be- 
hind, to  keep  it  in  its  place.  This  makes  the  head  lefs  troublefome  to  remove ;  but  its 
chief  ufc  is  to  diflodge  the  pifton  rods  from  the  wheel,  that  they  may  be  put  down  into 
the  cifterns  when  the  pump  is  not  in  ufe,  where  they  will  ftand  uncomprefled,  and  retain 
their  elafticity  better  than  if  kept  in  the.  barrels.  In  thcfe  cifterns  they  may  alfo  ftand  co- 
vered with  oil,  if  neceffary,  as  they  are  large  enough  to  admit  of  it. 

The  principal  joints  of  the  pump  are  funk  in  fockets,  that  the  leathers  which  clofe  them 
may  be  covered  with  oil  to  prevent  leaking*. 

For  convenience,  the  lower  part  of  the  pump  is  fitted  with  drawers  to  contain  the  appa- 
ratus. A  door  opens  behind  one  range  to  a  place  referred  the  whole  height,  to  get  at  the 
under  part  of  the  receiver  plate,  and  fix  apparatus  to  it  for  fome  experiments.  In  this 
place  ftand  the  long  tubes,  and  fuch  tall  glaftes  belonging  to  the  apparatus  as  will  not  go 
into  the  drawers.  The  barrels,  &c.  of  the  pump  are  covered  with  a  cafe  or  head,  which 
keeps  them  from  duft  and  accidents  when  the  pump  is  not  in  ufe.  The  apparatus  is  fecured 
between  Aiders,  &c.  in  the  drawers,  fo  that  the  whole  machine  may  be  eafily  removed  in  one 
body,  without  danger. 

As  there  was  no  glafs  manufactory  in  Mr.  Prince's  vicinity,  he  fent  to  Europe  for  his 
apparatus  \  but  unluckily  the  gauges,  with  fome  other  parts,  had  not  been  forwarded  to  him 
when  he  wrote  his  account.  He  had  only  a  fmall  tube  of  two-tenths  inch  bore,  which  he 
iifed  as  a  common  gauge  \  but  this  was  not  fufficient  to  determine  the  power  of  the  pump. 

All  that  he  could  fay  of  the  inftrument  was,  that  he  found  it  much  more  convenient  to 
ufe  than  one  of  the  common  fort ;  that  it  would  exhauft  a  receiver  much  fooner,  and  keep  in 
order  much  longer,  for  being  made  without  valves,  which  muft  depend  on  the  fpring  of 
the  air  to  open  them.  When  a  common  pump  in  his  poficdion  had  been  fitted  up  with 
valves,  leathers,  &c.  at  the  fame  time  with  this,  the  valves  of  the  common  pump  have  be- 
come too  dry  and  ftifF  to  ufe,  while  this  pump  has  continued  in  good  order.  He  attributes 
this,  in  par^,  to  the  moifture  which  the  valves  on  the  top  plates  receive  from  the  piftons 
every  time  the  pump  is  ufed;  the  piftons  being  always  kept  moiftened  with  oil  in  the  cif- 
terns, where  they  ftand  when  the  pump  is  not  in  ufe  \  and  in  part  to  the  power  which  the 
piftons  have  over  chefe  valves,  by  condenfing  the  air  againft  them. 

Fig.  6,  Plate  VI,  reprefents  a  perpendicular  fe£lion  of  one  of  the  barrels,  the  two  cifterns^ 
condenfing  gauge,  &c..  where  AB  reprefents  the  barrel  •,  CD  is  the  ciftern  on  which  Jt  ftands  5 
a  a  a  a  the  leathered  joint,  funk  into  a  focket  and  buried  in  oil :  EF  is  the  pifton ;  the  cylin- 
drical rod  paflTmg  through  a  collarof  leathers,  GG,  in  the  box  HI.  K  ftiews  the  place 
of  the  valve  on  the  top  plate  K,  covered  by  the  crofs  piece  MM,  into  which  the  pipe  OO 

\  This,  I  find,  is  very  efftdlual  i  having  never  known  one  of  the  joints  fecnrcd  in  this  way  to  leak,  though 
the  pump  has  flood  for  a  long  time;  whereas  a  portable  pump  which  I  have,  made  by  Mr.  Nairne,  London,  has 
leaked,  and  rcp<:atcdJy  been  refitted  with  new  oiled  leathers  in  the  fame  limc,    P. 
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is  foldcrcd,  that  conveys  the  air  from  the  valves  to  the  du£l  going  under  the  valve  pump, 
as  may  be  feen  in  Figure  8  ;  o  is  part  of  the  faid  duft  \  p  is  the  joint  funk  into  a 
focket  in  the  crofs  piece  Pj",  which  conncfts  the  cifterns,  and  has  a  du£t  through  it  leading 
to  them.  Into  tliis  duft  open  the  dufts  q  and  r,  the  firft  leading  to  the  gauge  In  front  of  the 
punip,  the  other  to  the  cock  and  receiver. 

The  other  b  »rrel  is  left  out  of  the  figure  to  (hew  fome  of  the  parts  more  diftindlly,  ex- 
cept Q,  which  is  the  top  of  the  barrel  retained  and  brought  down  out  of  its  place  to  (hew 
the  top  plate  that  (liuts  up  the  barrel,  feparatcd  from  the  box  which  contains  the  collar  «)f 
leathers,  S  fliews  one  of  the  holes  in  the  plate  over  which  the  valve  lies,  and  which  is 
covered  by  R  in  the  crofs  piece.  VV  is  the  pifton  (hewing  the  valve  open  on  the  top, 
which  is  to  prevent  labour  when  the  pump  condenfes.  WX  is  the  ciftern,  in  which  is 
more  diftin<Slly  feen  the  (houlder  for  the  leather  which  clofes  the  point  between  this  and 
the  barrel,  and  alfo  the  focket  in  which  the  oil  lies  over  the  leather.  YZ  is  the  condenfing 
gauge,  with  the  orifice  of  the  tube  raifed  above  the  furface  of  the  quickfilver.  e  c  is  the  col- 
lar of  leathers,  through  which  the  glafs  tube  moves,  i  is  a  fmall  pipe  coming  up  through 
the  quickfilver  to  make  a  communication  between  the  valves  and  the  gauge. 

Fig.  7.  is  a  view  of  the  upper  furface  of  the  top  plate  which  clofes  the  barrel,  being 
foldered  into  it,  (hewing  the  place  of  the  valve  over  the  three  fmall  holes,  one  of  which  only 
can  be  feen  at  S  in  ]-  ig.  3. 

Fig.  8.  is  a  perpendicular  fcftion  of  the  bottom  piece,  pipes,  valve  pump,  cock,  &c.  •  at 
right  angles  with  the  other  feftion.  Fig.  6.  AB  is  the  pipe  between  the  barrels,  as  repre- 
fented  in  Fig.  6.  The  button  o  is  here  fcrewed  into  the  top  inllead  of  the  gauge.  CD 
is  the  valve  pump  and  its  ciftern,  e  the  place  of  the  valve  under  the  cap.  EF  the  cock, 
fhewing  the  duft  through  it  leading  to  the  atmofphere.  GH  the  pipe  leading  from  it  to  the 
ftcm  of  the  receiver  plate,  in  which  is  the  cock  I,  to  fliut  up  the  duft  when  the  plate  is 
ufed  as  a  transferer.  KK  is  the  plate.  L,  a  piece  to  (hut  up  the  hole,  into  which  tubes 
&c.  are  occafionally  fcrewed  to  perform  experiments  without  removing  the  plate.  The 
dotted  line  at  O  (hews  the  place  of  the  fcrew  which  pre(res  the  plate  againft  the  pipe  :  PQ^ 
the  pipe  and  common  gauge  ftanding  in  front  of  the  pump. 

Fig.  9.  is  a  horizontal  fedlion  of  the  cock,  and  pieces  containing  the  duAs  leading  from  it 
to  the  receiver,  the  cifterns,  and  the  valves  on  the  top  of  the  barrels.-  AB  the  du£t  con- 
ne^iing  the  cifterns  together.  CD  the  duft  leading  from  the  cifterns  to  the  cock.  GH  the 
duft  leading  from  the  cock  through  the  pipe  AB  (Fig.  8.)  to  the  valves.  DE  the  du£l 
through  the  cock,  which  occafionally  conne£ls  the  two  laft  mentioned  du£bs  with  the  duA 
EF,  leading  from  the  cock  to  the  receiver.  I,  the  du£i  in  the  cock  leading  to  the  atmo- 
fphere, which,  when  conneded  with  the  duft  at  D,  lets  the  air  into  the  cifterns  and  bar- 
rels for  condenfation  *,  the  other  du£i  through  the  cock  at  the  fame  time  connecting  H  and 
E.  Thisduft  alfo,  when  connefled  with  E,  reftores  the  equilibrium  in  the  receiver.  KL 
is  part  of  the  du£t  leading  from  the  cifterns  to  the  gauge.  The  dotted  circles  (hew  the 
places  of  the  pipe  and  valve  pump  on  the  piece,  and  r  the  place  where  the  air  enters  the 
Talve  pump  from  the  du£t  GH,  and  is  thrown  into  the  atmofphere  when  the  pump  ex- 
haufts. 

Fig.  10.  (hews  the  under  furface  of  the  boxes  which  contain  the  collars  of  leathers  with  the 
crofs  piece  which  connects  them  together,  having  a  duc^  through  it,  as  reprefented  by  the 
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dotted  line,  through  which  the  air  paflet  from  the  valves  to  the  pipe.  This  Fig.  is  defigticd 
chiefly  to  (hew  the  places  in  which  the  valves  play,  as  at  I. 

Fig.  1 1,  is  a  fide  view  of  the  pump,  (hewing  the  fituation  of  the  valve  pump  and  handle  of 
the  cock  \  where  A  is  the  pump,  and  B  the  handle. 

Fig.  12,  Plate  VII.  is  a  perfpeclive  view  of  Cuthbertfon's  pump,  with  its  two  prinpipal 
gauges  fcrewed  into  their  places :  thefe  need  not  be  ufed  together,  except  in  cafes  where  the 
utmoft  exaiStnefs  is  required  •,  for  in  common  experiments  either  of.the  two  may  be  taken 
a«  iy,  and  a  (lop  fcrcw  put  into  its  place.  When  the  pear  gauge  is  ufed,  a  fniall  round  plate, 
large  enough  for  the  receiver  to  (land  upoo^  muft  firft  be  fcrewed  into  a  hole  at  A;  but 
when  this  gauge  is  not  ufed,  this  hole  muft  be  clofed  with  a  (lop  fcrew.  When  all  three 
gauges  are  made  ufe  of,  and  the  receiver  is  exhaufted,  the  (lop  fcrew  13,  at  the  bottom  of  the 
pump,  muft  be  unfcrewed,  to  admit  the  air  into  the  receiver  \  but  when  the  gauges  are  not 
all  ufed,  the  ftop  fcrew  at  A,  or  either  of  the  other  two  which  are  in  the  place  of  the  gauges, 
may  be  unfcrewed  for  this  purpofe. 

In  Figure  i,  CD  reprcfcnts  one  of  the  barrels  of  the  pump,  F  the  collar  of  leathers,  G  a 
hollow  cylindrical  veflel  to  contain  oil ;  R  is  alfo  an  oil  ve(rel,  which  receives  the  oil  that  is 
driven  with  the  air  through  the  hole  a  a,  when  the  pifton  is  drawn  upwards  \  and  when  this 
is  full,  the  oil  is  carried  over  with  the  air  along  the  tube  T  into  the  oil  ve(rel  G.  c  c  is  a  wire 
which  is  driven  upwards,  from  the  hole  a  a,  by  the  pa(rage  of  the  air ;  and  as  foon  as  this 
has  efcaped,  falls  down  again  by  its  own  weight,  (huts  up  the  hole,  and  prevents  any  air 
from  returning  by  that  way  into  the  barrel :  at  d  d  are  fixed  two  pieces  of  brafs,  to  keep  the 
wire  c  c  in  fuch  a  dire£lion  as  may  preferve  the  hole  air-tight.  H  is  ^  cylindrical  wire  which 
carries  the  pifton  I,  and  is  made  hollow  to  receive  a  long  wire  q  q  that  opens  and  clofes  the 
hole  L,  which  forms  the  communication  with  the  receiver  ftanding  on  the  plate,  m  is  part 
cf  a  pipe,pne  end  of  which  is  fcrewed  into  L,  and  the  other  into  the  centre  of  the  receiver 
plate.  M  is  a  ftop  fcrew,  ferving  only  to  clofe  thai;  hole.  OP  is  a  (mall  fteel  fcrew,  one  end 
of  which  is  fcrewed  into  the  wire  q  q,  that  opens  and  (huts  the  hole  L ;  and  upon  the  other 
end  O  is  fcrewed  a  nut,  which,  ftopping  in  the  fmalleft  part  of  the  hole,  prevents  the  wire 
from  being  lifted  or  carried  too  high.  This  wire  and  fcrew  are  more  clearly  (hewn  in  Fi- 
gure 2  and  in  Figure  6 ;  they  Aide  through  a  collar  of  leathers  r  r.  Figure  2  and  Figure  5, 
in  the  middle  piece  of  the  pifton.  Figures  4  and  5  are  the  two  main  parts  which  compofe 
the  pifton  \  and  when  the  pieces  in  Figures  3  and  6  are  added  to  it,  the  whole  is  reprefented 
by  Figure  2.  Figure  5  is  a  piece  of  brafs,  tihrned  in  a  conical  form,  with  a  (houlderor  ledg<l 
at  the  bottom  V  a  long  female  fcrew  is  cut  in  it,  about  two  thirds  of  its  length ;  and  the  re* 
maining  part  of  the  hole,  in  which  there  is  no  (crew,  is  about  the  fame  diameter  as  the  fcrew 
part,  except  a  thin  plate  at  the  end,  which  is  of  a  width  exa£lly  equal  to  the  thicknefs  of  q  q. 
That  part  of  the  infide  of  the  conical  piece  of  brafs,  in  which  no  thread  is  cut,  is  filled  with 
oiled  leathers  with  holes  in  them,  through  which  q  q  can  Aide  air-tight  -,  there  is  alfo  a  male 
fcrew  with  a  hole  in  it,  which  is  fitted  to  q  q,  and  fcrves  to  prefs  down  the  leathers  r  r.  In 
Figure  4,  a  a  a  a  is  the  outfide  of  the  pifton,  the  infide  of  which  is  turned  exa£Uy  to  fit  the 
outfide  of  Figure  5.  b  b  are  round  leathers,  about  60  in  number  ;  c  c  is  a  circular  plate  of 
brafs,  of  the  fize  of  the  leathers  •,  and  d  d  is  a  fcrew,  which  ferves  to  prefs  them  down  d$ 
tight  as  is  neceflfary.  The  male  fcrew  at  the  end  of  Figure  3,  is  made  to  fit  the  female  fcrew 
in  Figure. 5:  now  if  Figure  6  be  pu(hed  into  Figure  5,  this  into  Figure  4,  and  Figure  3 

fcrewed 
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fcrewed  into  the  end  of  Figure  5,  thefe  will  compofe  the  whole  pifton^  as  reprefented  by 
Figure  2.  H  in  Figure  1  reprefents  the  lame  part  as  H  in  Figure  2,  and  is  that  to  which 
the  rack  is  fixed.  If  this  therefore  be  drawn  upwards,  it  will  make  Figure  5  ihut  clofe  into 
Figure  4,  and  drive  out  the  air  above  it  \  and  when  it  is  puflied  downwards^  it  will  (5pen  as  far 
as  the  (houlders  a  a  Figure  4  will  permit,  and  fuffer  the  air  to  pafs  through.  A  A  Figure  7, 
is  the  receiver  plate  ;  B  B  is  a  long  fquare  piece  of  glafs  fcrewed  to  the  undermod  fide  of  the 
plate,  through  which  a  hole  is  drilled,  correfponding  vith  that  in  the  centre  of  the  receiver 
plate,  and  with  the  three  female  fcrews  b  b  c. 

Suppofe  the  pifton  to  be  at  the  bottom  of  the  barrel,  and  a  receiver  to  (land  upon  the  plate, 
the  infide  of  the  barrel,  from  the  top  of  the  pifton  to  a,  is  full  of  air,  and  the  pillon  (hut  { 
when  drawn  upward,  bf  the  hollow  cylindrical  wire  H,  It  will  in  its  courfe  drive  the  air  be- 
fore it,  through  the  hole  a  a,  into  the  oil-veflel  R,  and  out  into  the  atmofphere  by  the  tube  T. 
The  pifton  will  then  be  at  the  top  of  the  barrel  at  /?,  and  the  wire  q  q  will  ftand  nearly  as  it 
is  reprefented  in  the  figure,  juft  raifed  from  the  hole  L,  and  prevented  rifing  higher  by  means 
of  the  nut  0.  While  the  pifton  is  moved  upwards,  the  air  will  expand  in  the  receiver,  and  be 
driven  along  the  beqt  tube  m  into  the  infide  of  the  barrel.  Thus  the  barrel  will  be  filled 
with  air,  which,  as  the  pifton  rifes,  will  be  rarefied,  in  proportion  as  the  capacity  of  the  re- 
ceiver pipes  and  barrel  is  to  the  capacity  of  the  barrel  alone.  When  the  pifton  is  moved 
downwards  again  by  H,  it  will  force  the  conical  part.  Figure  5,  out  of  the  hollow  part. 
Figure  4,  as  far  as  the  flioulders  a  a :  Figure  2  will  reft  upon  a  a  Figure  4,  wluch  will  then 
be  fo  far  open  as  to  permit  the  air  to  pafs  freely  through  it,  while  at  the  fame  time  the  end 
of  ^  ^  is  forced  againft  the  top  of  the  hole,  and  clofes  it  in  order  to  prevent  any  air  from 
returning  into  the  receiver.  Thus  the  pifton,  while  moved  4pwnward8,  fuflers  the  air  to  pafs 
out  between  the  fides  of  Figure  4  and  5,  and  when  it  is  at  the  bottom  of  the  barrel  will  have 
the  column  of  air  above  it ;  confcquently,  when  drawn  upward,  it  will  (hut  and  drive  out  this 
air,  and  by  opening  the  hole  L  give  a  free  paflTage  to  more  air  from  the  receiver.  This  procdts 
being  continued,  the  air  will  be  exhaufted  out  of  the  receiver  as  far  as  its  expanfive  power 
VUl  permit;  for  in  this  machine  there  are  no  valves,  as  in  the  common  air  pumps,  to  be 
forced  open  by  the  air  in  the  receiver,  which,  when  its  elafticity  Is  dimini(hed,  it  becomes 
unable  to  efie£l ;  but  everything  is  contrived  to  open  by  the  motion  of  the  pifton^  and  there 
ii  nothing  to  prevent  the  air  from  expanding  to  its  utmoft  degree. 

In  exhaufting  with  this  machine,  no  other  diredions  need  be  obferved,  but  fuch  as  are 
common  to  all  air  pumps ;  nor  is  any  peculiar  eare  required  to  preferve  it  in  order,  except 
that  the  oil  vefTel  G  be  always  kept  about  half  full  of  oil.  When  it  has  ftood  a  confiderable 
time  without  being  ufcd,  It  will  be  proper  to  draw  a  table-fpoonful  or  two  through  it,  by 
pouring  it  into  the  hole  in  the  middle  of  (he  receiver  plate  when  the  pifton  is  at  the  bottom 
of  the  barrel ;  then,  by  moving  the  winch  backward  and  forward,  to  raife  and  deprefs  the 
pifton,  the  oil  will  be  drawn  through  all  the  parts  of  the  machine ;  and  what  is  more  than 
is  neceflary  in  the  infide  will  be  forced  out  through  the  tube  T  into  the  oil  vefiel  6»  Near 
the  top  of  the  cylindrical  wire  H  is  a  fquare  hole,  which  is  intended  to  let  in  fome  of  the  oil. 
from  the  vefTel  G,  that  the  oiled  kathers  through  wluch  the  wire  g  q  flidcs,  may  always  be 
Efficiently  fupplied  with  it. 

When  the  pump  is  required  to  condenfe,  either  at  the  £ime  time  that  it  eidiaufts,  or  fepa- 
lately, the  piece  which  contains  the  beat tiibc  T muft betalrta  avaft  and'Figuce  8  pnt  into 
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its  place,  and  faftened  by  the  fcrews  which  had  before  confined  that  pieces  Figure  8  is 
drawn  in  the  plate  as  it  is  made  for  a  double-barrelled  pump  i  but  for  a  fingle  barrel  only 
one  piece  is  ufed,  reprefented  by  b  a  a,  the  double  piece  being  cut  ofi^  at  the  dotted  line  a  a. 
In  this  piece  is  a  female  fcrew,  to  receive  the  end  of  a  long  brafs  tube ;  to  which  a  bladder, 
if  fufRcient  for  the  experiment,  mud  be  tied ;  or  elfe  a  glafs,  properly  confined  for  this  pur- 
pofe,  muft  be  fcrewcd  to  it.  Then  the  air,  which  is  exhaufted  out  of  a  receiver  (landing  oh 
the  plate,  will  be  forced  into  the  bladder,  or  glafs  conne£led  witli  the  brafs  tube.  But  if  the 
pump  be  double-barrelled,  the  apparatus,  as  reprefented  by  Figure  8,  muft  be  ufed,  and  the 
long  brafs  tube  fcrewed  into  the  female  fcrew  at  C. 

Figures  9  and  10  reprefent  the  two  gauges ;  namely,  the  fyphon  gauge,  and  the  baro- 
meter or  long  gauge.  When  thefe  are  ufed,  Figure  9  muft  be  fcrewcd  into  the  female 
fcrew  c  b,  or  into  that  at  the  other  «nd  c  Figure  7,  and  Figure  10  into  the  female  fcrew  ab 
Figure  7. 

If  it  be  ufed  as  a  fingle  air  pump,  either  to  exhauft  or  condenfe,  the  fcrew  K,  which  faftens 
the  rack  to  the  cylindrical  wire  H,  muft  be  taken  out ;  then  turning  the  winch  till  this  wire 
is  deprefled  as  low  as  poflible,  the  machine  will  be  rendered  fit  to  exhauft  as  a  fingle  air  pump*: 
and  if  it  be  required  to  condenfe,  the  direAions  given  in  the  laft  paragraph  but  one,  with  re- 
gard to  the  bent  tube  T,  and  Fig.  8,  muft  be  obferved. 

Mr.  Cuthbertfon's  treatife  contains  a  relation  of  various  experiments  made  with  this  air 
•pump,  which  (hew  its  great  power  of  exhaufting,  and  are  in  other  refpeds  entitled  to  the 
confideration  of  philofophers.  With  the  double  fyphon  gauge,  and  alfo  with  the  long  gauge, 
compared  with  an  attached  barometer,  in  which  the  mercury  had  been  repeatedly  bcnled,  the 
difference  between  the  heightasof  the  mercurial  columns  proved  to  be  no  more  than  one 
fortieth  of  an  inch,  the  barometer  then  ftanding  at  30  inches.  This  gives  an  exhauftion  of 
laoo  times.  On  fome  occaGons,  when  the  air  was  in  a  very  dry  ftate,  he  obferved  the  dif- 
ference to  be  as  low  as  one  hundredth  of  an  inch,  which  indicates  more  than  double  the  rare- 
faAion. 

On  a  Tcview  of  thefe  improvements  of  the  air  pump,  I  perceive  in  each  inftrument  (b 
)iappy  a  combination  of  philofophical  acutenefs  and  mechanical  (kill,  that  it  is  with  a  de« 
^eeof  diffidence  that  I  venturcto  fpeculate  on  their  refpeclive  merits  andblemilbes.  There 
is  no  proviGon  to  open  the  upper  fixed  valve  of  Prince's  greater  barrel,  except  the  difierenoe 
between  the  preflures  of  the  elaftic  fluid  on  each  fide  of  the  ftrip  of  bladder  ;  and  this  may 
veafonably  be  inferred  to  limit  the  power  of  his  fmall  pump.  In  Cuthbertfon's  pump,  the 
fame  valve  is  expofed  to  the  a£^ion  of  the  atmofphere,  together  with  that  of  a' column  of 
oil  in  the  oil  veflcL  Hie  mifchief  in  either  inftrument  is  probably  trifling  ;  but  in  botii 
the  valve  might  have  been  opened  mechanically.  If  this  were  done,  the  fmall  pump  of 
Prince  might  perhaps  be  unneceflTary  in  moft  ftates  of  the  atmofphere.  With  regard  to  the 
lower  valves,  Cuthbertfon,  by  an  admirable  difplay  of  talents  as  a  workman,  has  infured 
their  a&ion.  Prince,  on  the  other  hand,  has,  by  the  procefs  of  reafoniiig,  fo  far  improved 
the  inftrument  that  no  valves  are  wanted.  In  this  refpe£t  he  has  the  advantage  of  fim« 
pHcity  and  cheapnefs,  with  equal  eflfeA.  The  mechanical  combination  of  Cuthbertfon's 
pump  reduces  the  operation  to  one  fimple  aA  of  the  handle :  but  Prince's  engine  requires 
fome  manipulation  with  regard  to  the  play  of  the  fmall  pump ;  chough  this  might  have  been 
remedied  by  a  more  ikilful  difpofilion  of  the  fiift  mover. 
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The  moft  perfeA  fcheme  for  an  air  pump^  taking  advantage  of  the  labours  of  thefe  ju- 
dicious operatorsi  feems  to  be  that  in  which  two  piftons  of  the  conftru£iion  of  Prince  fliould 
work  in  one  barrel ;  one  pifton  being  fixed  at  the  lower  end  of  therod^  and  the  other  at 
the  middle.  The  lower  pifton  muft  come  clear  out  of  the  barrel  when  down^  and  work 
air-tight  through  a  diaphragm  at  an  equal  diftance  from  the  eflFcAive  ends  of  the  barrel. 
In  the  diaphragm  muflrbe  a  metallic  valve  of  the  form  of  Cuthbertfon's  lower  valve^  but 
with  a  (hort  tail  beneath,  that  it  may  be  mechanically  opened  when  the  pifton  comes  up. 
Above  the  diaphragm,  muft  work  the  other  pifton  (imilar  to  the  firft ;  but  as  it  cannot  quit 
the  barrel  when  down,  a  fmall  portion  of  the  barrel  muft  be  enlarged  juft  above  the 
diaphragm,  fo  that  the  leathers  may  be  clear  in  that  pofition.  Laftly,  the  top  of  the  barrel 
muft  be  clofed  and  fitted  with  a  valve  and  oil  veflTel,  according  to  the  excellent  contrivance  of 
Cuthbertfon. 

If  we  fuppofe  the  workmanfliip  of  fuch  a  pump  to  leave  the  fpace  between  the  diaphragm 
and  lower  pifton,  when  up,  equal  to  one-thoufandth  part  of  the  fpace  pafied  through  by  the 
ftroke  of  that  pifton,  the  rarefaflion  produced  by  this  part  of  the  engine  will  in  theory  bear 
the  fame  proportion  to  that  of  the  external  air.  And  the  fame  fuppofition  applied  to  the 
upper  pifton  would  increafe  the  t^cfk  one  thoufand  times  more.  Whence  the  rarefa£iion 
^  would  be  one  million  times.  How  far  the  praAical  tS^Qi  might  fall  (hort  of  this  from  the 
imperfections  of  workmanfliip,  or  the  nature  of  the  air,  which  in  high  rarefa£lions,  may  not 
diffufe  itfelf  equally  through  the  containing  fpaces,  or  from  other  jet  unobferved  circum- 
ftances,  cannot  be  deduced  from  mere  reafoning  witliout  experiment. 
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I  •  On  the  Art  of  Grinding. 

CURIOUS  fa£l  was  mentioned  to  me,  fome  years  ago,  refpeCking  grinding,  which 
promifes  to  be  of  fome  ufe  in  the  arts.  Daily  experience,  as  well  as  philofophical  ex- 
periment. Slews  us  that  heat  is  produced  or  developed  by  fridion.  The  fa£l  of  fparks 
flying  from  a  dry  grindftone  when  a  piece  of  iron  or  fteel  is  applied  to  its  furface  during 
the  rotation,  has  been  feen  by  every  one.  The  heat  produced  during  this  procefs  is  fuch 
that  the  fteel  very  fopn  becomes  ignited,  and  hard  tools  are  very  frequently  foftened  and 
fpoiled,  for  want  of  care  during  the  grinding.  When  a  cylindrical  ftone  is  partly  immerfed 
in  a  trough  of  water,  the  rotation  muft  be  moderate  and  the  work  flow,  otherwife  the 
water  would  foon  be  thrown  off  by  the  centrifugal  force ;  and  when  this  fluid  is  applied  by 
a  cock  from  above,  the  quantity  is  too  fmall  to  preferve  the  requifite  low  temperature.  It  is 
'  even  founds  that  the  point  of  a  hard  tool,  ground  under  a  confiderable  mafs  of  water,  will 
be  foftened  if  it  be  not  held  fo  as  to  meet  the  ftream  \  fparks  being  frequently  afibrded 
even  under  the  water.  My  informant  aflTured  me,  that  fine  cutlery  is  ground  in  Germany 
en  a  cylinder  of  a  peculiar  kind  of  pottery  inftead  of  ftone,  upon  the  face  of  which  pul- 
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verifed  hone  is  occafionallj  applied  by  means  of  tallow.    The  peculiar  advantage  of  this 
kind  of  pottery  was  ftated  to  be^  that  it  never  heats,  however  rapid  the  motion* 

This  objedl  feemed  to  deferve  an  experimental  inveftigation.  The  three  bodies  ftib^ 
je£led  to  experiment  were  pottery,  pulverifed  filex^  and  tallow.  The  eSe£k,  namely  that 
it  couKi  fnpport  violent  and'  rapid  fri£lion  without  increafe  of  temperature,  appeared  at 
firft  fcarcely  credible.  The  mind  was  rather  difpofed  to  rejedi  the  evidence,  than  inveftigatc 
the  caufe.  No  indication  was  given  refpe£ling  the  nature  of  the  pottery.  It  did  not  feem 
probable  that  any  peculiarity  in  the'filiceous  fand  (hould  produce  this  defirable  effe£l ;  but 
an  eafy  procefs  of  reafotiing  might  have  pointed  out  the  efie£l  of  the  tallow,  which  ia 
indeed  curious.  I  cannot  however  aflume  the  merit  of  inveltigating  the  fubje£l  i  priori  $ 
for  fny  apparatus  was  ready  for  experiment,  and  tht  fa&  fpoke  for  itfelf  before  I  had 
fyftematifed  the  notions  which  occurred  to  me.  t 

The  pottery  grindftone  was  not  eafily  attainable.    I  therefore  procured  a  Newcaftle 
grindftone  ,of  a  fine  grit  and  ten  inches  in  diameter  ;  and  alfo  a  block  of  mahogany  to  be 
ufed  with  emery  on  its  face.    Both  the  (tone  and  the  wooden  block  were  mounted  on  an 
axis  to  be  occaConally  applied  between  the  centres  of  a  ftrong  lathe.     In  this  fituation  both 
were  turned  truly  cylindrical,  and  of  the  fame  diameter.  The  face  of  the  wood  was  grooved 
obliquely  in  oppofite  direQions,  to  afford  a  lodgement  for  the  emery.   The  face  of  the  ftone 
was  left  fmooth,  and  there  was  a  trough  of  a  proper  fize  applied  beneath  the  ftone  to  hold 
water.    The  grindftone  was  then  ufed  with  water,  and  the  wooden  cylinder  was  faced 
with  emery  and  oil.    Tie  inftrument  ground  was  a  file,  out  of  which  it  was  propofed  td 
grind  all  the  teeth.    The  rotation  was  produced  by  the-mechanifm  of  the  lathe  \  the  velo* 
city  being  fuch  as  to  turn  the  grinding  apparatus  about  five  revolutions  in  a  fecond.    The 
ftone  operated  but  flowly,  and  the  water  from  the  trough  was  foon  exhaufted,,  with  incon- 
venience to  the  ^workman,  who  could  fcarcely  be  defended  from  it  but  by  flackening  the 
velocity.    The  emery  cylinder  cut  rather  fafter.     But  notwithftanding  the  fridion  was 
made  to  operate  fucceflively  and  by  quick  changes  on  the  whole  furface  of  the  file,  it  foon 
became  too  much  heated  to  be  held  with  any  convenience  \  and  when  a  cloth  was  ufed  to 
defend  the  hand,  the  work  not  only  became  awkward,  but  the  heat  increafed  to  fuch  a 
degree  that  the  oil  began  to  be  decompofed,  and  emitted  an  empyreumatic  fmell.  The  ftone 
was  then  fuSered  to  dry,  and  the  file  tried  upon  its  face.   It  almoft  immediately  became  blue, 
and  foon  afterwards  red-hot.    Both  the 'cylinders  were  then  covered  with  tallow,  by  ap« 
plying  the  end  of  a  candle  to  each  while    revolving,  and  emery  was  fprinkled  upon  the 
cylinder  of  wood.     The  fame  tool  was  then  applied  to  the  grindftone  in  rapid  motion^ 
At  the  firft  inftant  the  fri£tion  was  fcarcely  perceptible ;  but  very  fpeedily  afterguards  the 
zone  of  tallow  prefTcd  by  the  tool  became  fufed,  and  the  ftone  cut  very  faft.    The  tool 
was  fcarcely  at  all  heated  for  a  long  time  -,  and  when  it  began  to  feel  warm,  its  temperature 
was  immediatly  lowered  by  removing  it  to  a  new  zone  of  the  cylinder.    The  fame  efieft 
took  place  when  the  experiment  was  repeated  with  the  wooden  cylinder. 

It  is  not  difficult  to  explain  this  by  the  modern  dofbrlne  of  heat.  When  oil  was  ufed 
upon  the  wooden  cylinder,  the  heat  developed  by  the  fri£lion  was  employed  in  raifing  the 
temperature  of  the  tool  and  of  the  fluid  oil.  But  when  tallow  was  fubftituted  inftead  of  the 
oil,  the  greateft  part  of  the  heat  was  employed  in  fufing  this  confiftent  body.  From  the 
increafed  capacity  of  the  tallow,  when  melted,  this  heat  was  abforbed,  and  became  latent, 
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indead  of  being  employed  to  raife  the  temperature  :  and  whenever,  by  continuing  the  pro* 
cefs,  the  tallow^  already  melted  began  to  grow  hot,  together  with  the  tool,  it  was  eafy  to 
reduce  the  temperature  again  by  employing  the  heat  on  another  zone  of  confident  tallow. 
I  ufed  thefe  two  cylinders  with  much  fatisfa£lion,  in  a  confiderable  quantity  of  work. 

In  this  ftage  of  experiment,  I  concluded  that  the  cylinder  of  pottery  mentioned  to  be  ufed 
in  Germany  was  either  of  no  particular  utility  beyond  that  of  a  common  grindftone,  or  that 
the  report  might  be  inaccurate  in  this  refpe£t.  But  it  happened  that  the  fmail  done  here 
mentioned  was  laid  afide  for  about  three  years.  At  the  end  of  this  term  it  was  again 
brought  into  ufe,  and  it  was  found  that  the  tallow  had  undergone  fome  change,  either 
from  the  done  itfelf,  or  the  a£lion  of  the  external  air,  which  enabled  it  to  defend  the  grit 
much  more  ede^ually  than  at  fird.  It  feemed  to  have  become  lefs  fufible.  I  think  it 
probable  that  this  might  not  have  happened  with  a  pottery  cylinder,  or  at  lead  that  it 

would  have  been  more  eafy  to  clean  and  redore  the  furface  to  its  iird  date. 

» 

2.  Concerning  Gold,  Silver,  and  other  Metals  reduced  into  very  thin  Leaves  by  the  Hammer. 

IT  is  generally  thought  by  chemids,  and  others,  that  leaf  gold  confids  of  the  metal  in 
a  high  date  of  purity.  It  is  never  pure,  becaufe  pure  gold  is  too  du£lile  to  be  worked 
between  the  gold-beaters'  ikin.  The  newed  (kins  will  work  the  fined  gold,  and  make  the 
thinned  leaf,  becaufe  they  are  the  fmoothed.  Old  (kins,  being  rough  or  foul,  require 
coarfer  gold.  The  finer  the  gold,  the  more  du£Hle ;  infomuch  that  pure  gold,  when  driven 
out  by  the  hammer,  is  too  foft  to  force  itfelf  over  the  irregularities,  but  would  pafs  round 
them,  and  by  that  means  become  divided  into  narrow  flips.  The  fined  gold  for  this  pur- 
pofe  has  three  grains  of  alloy  in  the  ounce,  and  the  coarfed  twelve  grains.  In  general 
the  alloy  is  fix  grains,  or  one-eightieth  part.  That  which  is  called  pale  gold  contains  three 
pennyweights  of  filver  in  the  ounce.  The  alloy  of  leaf  gold  is  filver,  or  copper^  or  both^ 
and  the  colour  is  produced  of  various  tints  accordingly.  Two  ounces  and  two  penny- 
weights of  gold  is  delivered  by  the  mader  to  the  workman,  who,  if  extraordinarily  flcilful^ 
returns  two  thoufand  leaves,  or  eighty  books,  of  gold,  together  with  one  ounce  and  fix 
pennyweights  of  wade  cuttings.  Hence  one  book  weighs  4.8  grains ;  and  as  the  leaves 
m<^afure  3.3  inches  in  the  fide,  the  thicknefs  of  the  leaf  is  one  two  hundred  and 
eighty-two  thoufandth  part  of  an  inch. 

Silver  leaf  is  faid  to  be  pure  filver.  It  is  extenGble  in  this  way  when  compared  with  gold^ 
rather  more  than  in  the  proportion  of  the  fpecific  gravities.  Some  leaf  filver  which  I 
tried  was  thicker  than  the  gold  in  the  proportion  of  feven  to  four.  So  that  the  weight  of 
metal  covering  equal  furfaces  approached  to  equality. 

The  yellow  metal  called  Dutch  gold  is  fine  brafs.  It  is  faid  to  be  made  from  copper- 
plates, by  cementation  with  calamine,' without  fubfequent  fufion.  Its  thicknefs,  com- 
pared with  that  of  leaf  gold,  proved  as  19  to  4,  and  under  equal  furfaces  it  is  confiderably 
more  than  twice  as  heavy  as  the  gold. 

The  Dutch  filver  appeals  to  be  tin,  not  only  from  its  habitudes  with  re- agents,  but 
from  the  confideration  that  there  is  no  other  cheap  white  metal  of  fufiicient  du£lility. 
It  is'fomewhat  more  than  ten  times  as  thick  as  gold  leaf,  and  about  two  and  a  half  times 
as  heavy  under  equal  furfaces. 
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The  thinneft  tin-foil  in  fmsdl  (beets  for  filrering  looking-glaflcs,  is  about  one-thoufandtlt 
of  an  inch  tbick^  or  near  three  hundred  times  the  tbickneb  of  gold  leaf.  It  ufually  con-^ 
tain^  lead. 

« 

3.  Globules  for  Microfcopes. 

K\l  the  beginning  of  the  prefent  century,  the  fimple  microfcope  was  very  much  ufed. 
Among'other  advantages,  it  poiTefles  the  very  deGrable  requifites  of  fimplicity  and  cheapnefs* 
In  particular  it  is  an  inftrument  not  di^cult  to  be  conftrudled  by  flich  ingenious  philofo- 
phers  as  by  narrow  circumdances  and  remote  fituations  are  obliged  to  have  recourfe  to 
their  iown  (kill  and  ingenuity  for  experimental  implements.  The  hiftory  of  natural* 
philofophy  abounds  with  indances  of  eminent  men  who  come  under  this  defcription. 
To  thefe  at  lead  it  will  be  of  importance  to  know  a  ready  method  of  formipg  very  bright 
fpherules  of  glafs  for  microfcopic  ufes.  The  ufual  method  has  been  to  draw  out  a  fine 
thread  of  the  foft  white  glafs  called  crydal,  and  to  convert  the  extremity  of  this  into  a 
fpherule  by  melting  it  at  the  flame  of  a  candle.  But  this  glafs  contains  lead)  which  is 
difpofed  to  become  opake  by  partial  redudlion,  unlefs  the  management  be  very  carefully 
attended  to.  I  find  that  the  hard  glafs  ufed  for  windows  feldom  fails  to  aflbrd  excellent 
fpherules.  This  glafs  is  of*a  clear  bright  green  colour  when  feen  edgeways.  A  ttiin 
piece  was  cut  from  the  edge  of  a  pane  of  glafs  lefs  than  one-tenth  of  an  inch  broads 
Thi^  was  held  perpendicularly  by  the  upper  end,  and  the  flame  of  a  candle  was  direded- 
upon  it  by  the  blow-pipe  at  the  didance  of  about  an  inch  from  the  lower  end.  The  gbi(s 
became  foft;  and  the  lower  piece  defcended  by  its  own  weight  to  the  diftance  of  about 
two  feet,  where  it  remained  fufpended  by  a  thin  thread  of  glafs  about  one  five-hundredth, 
of  an  inch  in  diameter.  A  part  of  this  thread  was  applied  endways  to  the  lower  blue 
part  of  the  fiame  of  the  candle  without  the  ufe  of  the  blow-pipe.  The  extremity  im- 
mediately became  white-hot,  and  formed  a  globule.  The  glafs  was  then  gradually  and 
regularly  thrud  towards  the  flame,  but  never  into  it,  until  the  globule  was  fufliciently 
large.  A  number  of  thefe  were  made,  and,  being  afterwards  examined  by  viewing 
their  focal  images  with  a  deep  magnifier,  proved  very  bright,  perfedi,  and  round. 

4.  0/1  the  Plumh'Line  and  Spirit'LcveL 

THE  fpirit-Ievel  is  an  indrument  fubdituted  indead  of  the  plumb-line  fcMr  determining 
the  level.  It  feldom  happens  that  wire  can  be  procured  fo  fine  as  the  one-thoufandth  of 
an  inch  in  diameter.  Upon  examining  this  with  the  microfcope,  it  fcarcely  ever  proves 
truly  cyKndricaL  It  may  with  reafon  be  fuppofed  that  wire,  from  its  curl  upon  the  bobbin^ 
and  its  elafticity,  may  not,  even  when  loaded  with  a  confiderable  weight,  form  an  accurate 
right  l>ne.  As  the  radius  of  a  circle  is  equal  to  206265  feconds  of  meafure  nearly,  the 
diameter  of  fuch  a  wire  would  cover  a  fpace  on  the  line  equal  to  206  feconds  on  an  indru- 
ment of  one  inch  radius,  or  17  feconds  if  the  radius  were  12  inches.  How  far  this 
quantity,  in  the  bifedion  of  two  dots,  of  near  half  a  minute  broad,  may  be  affe£led  by  the 
caufes  of  error  here  mentioned,  mud  be  afcertained,  in  each  particular  indance,  by  careful 
experiments.  But  thefe  confiderations,  joined  to  the  circumdance  that  the  fpirit-level 
is  fomewhat  more  portable  and  eafy  of  application,  have  tended  to  bring  this  lad  very  de- 
licate indrument  into  edimation  with  adronomers* 

The 
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The  fpiriUlevel  conGfts  of  a  tube  of  glafs  nearly  filled  with  the  pureft  ardent  fpirit,  or 
^ith  highly  reflified  ether.  In  order  that  this  infirument  may  anfwer  the  intended  purpofe, 
it  is  nccefTary  that  the  inner  furface  fhould  not  be  cylindrical  or  ftraight  on  that  fide  which 
is  placed  uppermoft  when  in  ufe.  Suppofe  this  tube  to  be  laid  nearly  in  the  horizontal 
pofition ;  the  fpirit  will  occupy  the  lower  fpace,  and  the  empty  part  above  will  exhibit  the 
appearance  of  a  bubble^  which  will  run  to  the  higher  end.  It  follows  therefore,  fuppofing 
the  tube  to  be  flightly  curved,  and  the  convexity  uppermoft,  that  the  bubble  will  be  near 
the  middle  when  the  tube  is  level.  In  the  portable  fpirit-levcl,  the  tube  is  properly  fct  in 
brafs,  and  fixed  by  means  of  fcrews  in  a  fmall  brafs  trough,  the  bottom  of  which  is  ground 
very  ftraight.  The  fcrews  arc  ufeful  to  place  the  bubble  in  fuch  a  pofition  that  the  lower 
furface  of  the  trough  may  be  parallel  to  a  tangent  fuppofed  to  be  applied  to  the  middle 
point  of  the  curve  of  the  level.  The  adjuftment  is  cfFedted  without  much  difficulty,  by  - 
placing  the  level  on  an  adjuftable  plane,  and  then  reverfing  it.  If  the  bubble  ftand  accurately 
in  the  fame  pofition  between  two  marks  made  on  the  tube  in  both  fituations  of  the  level, 
it  follows  that  neither  end  of  the  plane  nor  of  the  lower  furface  of  the  frame  of  the  level 
is  elevated  \  or  in  other  words,  that  every  furface  to  which  the  level  may  be  applied, 
and  on  which  the  bubble  ftands  in  the  pofition  here  mentioned,  is  horizontal. 

This  eafy  praxis  may  be  effeded  in  various  ways,  according  to  the  nature  and  figure  of 
the  inftrument  of  which  the  pofition  is  to  be  determined :  but  the  accuracy  of  the  refult  will 
depend  upon  the  fenfibility  of  the  level ;  that  is  to  fay,  the  fpace  pafled  over  by  the  bubble 
For  every  minute  or  fecond  of  the  quadrant,  and  the  certainty  with  which,  under  circum« 
fiances  precifely  fimilar,  it  (hall  arrive  at  the  fame  pofition.  In  the  beft  levels  the  curve 
muft  be  circular  ;  for  in  fuch  the  bubble  will  move  with  more  aQivity,  fettle  itfelf  with 
more  certainty,  and  defcribe  equal  fpaces  by  equal  changes  of  inclination.  An  ordinary 
good  fpirit- level  will  exhibit  a  movement  of  upwards  of  half  an  inch  for  each  minute  of 
inclination,  and  alter  the  pofition  of  its  bubble  by  a  change  of  five  feconds,  or  lefst  In 
fuch  a  tube  the  radius  of  the  curve  will  be  about  150  feet.  But  extraordinary  levels  are 
much  more  delicate.  De  la  Lande  *  fpeaks  of  a  level  filled  with  ether,  the  bubble  of 
which  pafled  over  fourteen  inches  by  equal  fpaces  of  one-tenth  of  an  inch  for  every 
fecond.    The  radius  of  this  curve  was  confequently  17 19  feet,  or  near  one-third  of  a  mile. 

The  tubes  of  fpirit-levels  are  felefled  by  trial.  If  a  long  piece  of  tube  be  nearly  filled 
with  ardent  fpirit,  and  corked  at  the  ends,  the  run  of  the  bubble  may  be  tried  with  a 
fuitable  inftrument  called  the  level-trier,  throughout  the  whole  length  on  all  fides.  By 
this  means  it  may  be  knovm  whether,  and  in  what  parts,  it  may  be  defirable  to  divide  the 
tube  for  the  purpofes  of  filling  and  clofing.  It  is  remarkable  that  thefe  tubes  in  general 
prove  either  good  throughout,  or  good  for  nothing ;  for  it  feldom  happens,  where  one  good 
level  can  be  taken,  that  die  remainder  is  unferviceable.  A  refpedlable  mathematical  in- 
ftrument-maker  aflfures  me,  that  he  finds  it  a  good  praAice  to  go  to  the  glafs-houfe  and  caufe 
the  tubes  to  be  drawn  without  fuSering  them  to  be  turned  round.  The  ufual  pradkice  in 
drawing  tubes  is,  that  two  workmen  extend  a  piece  of  blown  glafs,  while  hot,  by  drawing 
the  ends  afunder^  while  a  third  cools  the  thinner  parts,  by  blowing  the  air  againft  it  with  a 
Jiat.    To  prevent  the  glafs  from  bending  downwards  by  its  own  weight,  the  workmen  are  in 

*  In  his  Agronomic  j  not  now  at  hand.    I  (peak  from,  memory ;  but  have  no  doubt  of  the  numben,  nor 
«ftliefoa. 

6  the 


136  Thi  Gnund  Spirit-Livel  compared  with  iii  Plumi^Line. 

the  habit  of  turning  the  iron  pipes  they  hold  in  their  hand$»  both  the  fame  way,  as  they  walk 
backwardi.  This  is  the  pradice  which,  by  producing  undulations  and  irregularities  in  the 
tube,  is  fuppofed  to  render  them  unfit  for  fpirit^evelsi  I  have  remarked,  that  fuch  tubes  as 
have  veins,  or  extended  bubbles,  running  lengthways  very  ftraight  through  the  fubftance,  have 
afforded  good  levels. 

But  the  moft  regular  and  accurate  levels  arc  obtained  by  grinding  the  infide  of  the  tube* 
I  do  not  know  that  this  operation  requires  any  particular  management  capable  of  being  dc- 
fcribed  in  words  ;  though  there  is  no  doubt  but  in  this,  as  well  as  in  every  other  mechanical 
procefs,  facility  and  ikill  will  be  acquired  by  pra^ice.  A  cylindrical  piece  of  wood  is  turned 
fo  as  to  go  eafily  through  the  portion  of  tube  intended  to  be  ground.  It  is  then  worked  in 
the  tube  with  water  and  fine  emery  in  the  ufual  way.  As  foon  as  the  polifh  has  by  this  means 
^  difappeared  on  one  fide,  the  tube  is  cleaned,  filled,  and  tried  i  and  accordingly  as  its  figure 
proves  to  be  more  or  lefs  ftraight  or  curved,  the  grinding  is  either  repeated  or  difcontinued. 
Some  operators  poliih  the  infide  again  after  grinding  j  but  this  has  not  been  found  to  in* 
creafe  their  fenfibility. 

From  the  great  delicacy  of  the  fpirit-level,  compared  with  the  few  obfervatlons  here 
prefented  on  the  plumbJine,  the  former  inftrument  may  appear  greatly  to  deferve  the 
preference.  AAronomers  are  not  however  agreed  on  this  point.  When  a  fpirit-level  is 
adjufted  by  reverfmg,  at  a  certain  temperature,  and  both  ends  of  the  bubble  marked,  it 
may  be. allowed  that  the  inftrument  may  be  fuccefsfully  applied  to  ufe.  But  if  the  tern* 
perature  be  raifed,  the  fpirlt  will  expand,  and  of  courfe  the  bubble  will  become  fhorter. 
Whence  it  appears  necefiary  that  a  divifion  and  adjufting-piece  (hould  be  applied,  from  ex- 
periment, to  afcertain  the  true  ftation  of  the  bubble  at  different  temperatures ;  and  even 
this  application  feems  fcarcely  adequate  to  fupply  the  place  of  repeated  adjuftments.  The 
variation  of  the  bubble  will  differ  according  to  the  quantity  of  fpirit  contained  in  the  tube. 
In  two  good  levels,  of  nearly  the  fame  magnitude  and  figure,  I  found  it  amount  to  oi^e- 
fifth  of  an  inch  for  every  ten  degrees  of  Fahrenheit.  The  bubble  therefore  may  be  one  inch 
longer  in  winter  than  in  fummer,  which  in  thefe  individual  levels  amounts  to  near  one* 
third  of  the  fummer  length.  The  curvature  of  a  fpirit  level  will  alfo  vary  from  unequal 
temperature  ;  fuch,  for  Sample,  as  may  arife  from  one  end  of  the  tube  being  touched  or 
breathed  upon,  while  the  other  end  is  left  at  the  original  temperature.  The  error  from 
each  of  thefe  caufes  may  amount  to  feveral  minutes,  as  is  eafily  ihewn  by  trial ;  but  I  do 
not  find  that  the  prefence  or  abfence  of  funflilne  caufes  any  perceptible  difiercnce.  It  is 
probable  that  the  rays  may  not  fpeedtly  alter  the  temperature,  on  account  of  the  tranf- 
parency.  And  with  regard  to  thefe  three  laft  fources  of  error,  it  muft  be  allowed  that  they 
are  eafy  to  be  avoided,  and  indeed  not  likely  to  be  prefent  in  the  operatb^is  of  accurafc 
obfervers. 


i        I  I  pt— p|ppi^i.y 


MAT  HE. 


MATHEMATICAL  CORRESPONDENCE. 

QoESTiON  I.     Anfwered  by  the  Propcfer. 
JL/ET  a  be  the  length  of  the  whole  line,  and  at,  y^  z,  v,  w^  &c.  the  parts  into  which  the 
half  of  It  is  to  be  divided.    Then -2-  =  tll^  =  ^""'"'■^  =  IZliLZlLZ^  &c.  by  the 


X 


queftion  :   Ory  =  -  (^  —  *),  z=  —  (^ -.;»?— .«)=:  —  (a  --x x    a—  x)  =  — 

a  a  ^  ^        .  a  ^  a  a 


^   X  ^        X  , _  a  -»  x^  X    ,  ,,  X 


(a-jrXl )=   -(/I-  ;c   X  ^i ^J    r=  -^  (^  -  ;r)%  v=   -  (^  -  *  -  «  -  2)  = 


—  U^x ^Xfl—  X —y.a^  iS)  =  ~  X  a  ^  x  (i ^^ ^Xa-r-x) 


= X  ^  —  Af  ( —  •— -  X  fl  — x)  = X  a-^  X  ( — — .  )  = 


a* 


-:-.  X  fl  —  *1*  X  (a  —  jr)  =r  — r-  X  tf  —  x\\  w  = (a  —  *^  —  > «  —  v)  =?   — 


;i? 


r: — :>.» 


(a  —  jr X  fl  —  X r  X  /»  —  x> r  X  ^  —  jA^)   =  ~t-  X  fl—  ;r^*,  &c  But 

fl  a*  a*  or 

*+J  +  «  +  v  +  w,  &c.  ==  — ,  by  the  queftion.     Whence,  alfo,  x  +  — {a  —  x')  +  —7- 

X  X  it 

(a  —  xy  +  —  (a  —  *)'  +  —  (a  —  xy  &c.  to  n  terms  = j  which  laft  being  a  geo- 
metrical feriesi  whofe  firft  tenn  is  x,  and  the  ratio ,  its  fiun^  by  the  common  rule,  is 


*  ( 


a 


-I) 

►  =  JL,  from  whence  x  is  found  =  «  X  ( i  —  — );  and  confequently  the 


a 
feveral  divifions  of  the  half  line  are  ii  X  (i  »  -37-),  "7"('—  "X")>  ^»"('""'"ir^>  "^ 

2"       a*  2*      2*  a*      a* 

(1  —  '-£-)f  &c.  where  «  is  any  number  whatever. 
2* 

■ 

Question  II,    Anfwered  by  the  Propofer.    See  Fig,  12.  Plate  VI. 

LET  AF  =  x,  AC  =  r,  ^  =  celerity,  or  velocity  in  the  circumference,  and  F  =  va* 
viable  force  in  the  fine  £F. 

Then  CE  :  FC  : :  EG  :  EK  by  fin.  A».  or  r  :  r  —  x  :  2  ^  :  —  (r  —  x)  =  v  =  velocity 

•  •  *  m       m  c  *       flux*  £F 

in  FE,    But,  by  the  laws  of  variable  forces,  F/  =  v  =  —  —  ^^  and  /  =  =: 

■'  r  V 


Hxit.  ^zrx  —  «*           Tx  -^  xi    ^^           r  _            F  (r  —  «)  *  ^           r   .                / 

: — : ■  =  -7===  X  --; r;  whence     .                 X     .           i=r— — ;f, 

-i(r— xl             •2r*-.*»       c[r^xy  Vzrx^x^       ^  {r  ^  x)         r 
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=  —  -r— ,  and  confcqucntly  F  =  — — r-  \/irx  -*  x*  =  —  —    /  '^^^  *"  ** 
r  r*  ..    .  *       r  V        ^»      • 


or 


c  y^lrx  —  flf* 


But  when  the  bodvi  in  revolvingi  comes  to  D,  x  then  become^  =  ^  ».  in*  wh^ch^.  ci^fe'i 
F  =  — ,  pr  F  is  as  — ^  or  as  the  fquare  of  the  velocity  divided  by  the  radius. 


NEW  MATHEMATICAL  QUESTIONS. 
Question  V.  By  fK  Simpson. 

A  BOTTLE  which  heldexa£lly  5  oz.  io6.gr.  of  diftilled  water,  was.capable  of  contain- 
ing 5I  02.  apd  170  gr.  ofa  fdlution  of  common  fait  in  dillilled  water  :  Required  the  weight 
of  the  fait  held  in  folntion,  its  fpecific  gravity  being.  2JI  ? 

Question  VI.  By  J.  B. 

THE  mea»  annual  ten^perature  of  any  two  latkude«,  in  the  fame  hemii^erc^  ^^"8% 
given,  to  determine  the  mean  annual  temperature  of  any  other  latitude  in  that  hcmifphere  ? 


To  Mr.  NiCHOLSONy  Editor  of  «*  Tie  Journal  of  Natural  Philofophy^  Chemiflry^  and  the  ArtsJ' 

SIR, 

JL  DO- not'lttiow  whether,  you  will  confider  the  folldwing  as  of  Sufficient  importance  to  merit  * 
a  place  in  your  valuable  publication  ; — if  fo,  I  ihall  perhaps  occafionally,  in  future,  trouble 
you  with  other  attempts  of  a  fimilar  nature. 

Being  abput  four  years  ago  engaged  in  fbme  mathematical  fpeculattons,  in  the  courfe  of 
which  the  refolution  of  protty  high  equations  became  frequently  neceflary,  I  was  induced  to 
fet  about,  the  inveftigation  of  an  eafy  arithmetical  rule  for  the  folution  of  an  adfe^ed  qua* 
dtatic,  in  order  to  (hortcn  the  bufihefs  of  approximation. — It  is,  indeed,  you  know,  on  ac- 
count of  the  prolixity  of  the  ordinary  methods  by  completing  the  fquare  or  exterminating  the 
fecond  term,  that  Dr.  Halley^s  method  of  obtaining  the  approximate valoe  of  .th^  root|  by; 
taking  fuch  terms  of  the  afTumed  equation  as  involve  the  fquare  of  the  converging  quantity, 
is  now  feldom  uM.^  fuch  only  as  contain  its  firft  power  bcing.ufua|ly  adnHtted  into  the  cal- 
culation. 1  he  mode  which  1  adopted  for  this  purpofc  will  be  beft  underftood  by  a.IUt^- 
ment  of  the  pinciplcs  from  which  it  is  deduced. 

Let  AT*  +  ax  be  =  b.     Then  will  the  affirmative  value  of  ;f  be  =  -J  (^a*  4-  4*  —  a.)  = 

i.a        2.4./?*.         2.4.0.^'.       .    2.4.6.8.^7^        2.4.6.8.10.^9. 

b:  b\        li?.  5J4.  14.3$.  ^  ,     .      f .   ,  i.   . 

=  — '-  T  ~T"  +  — r*  *~  '■•  ^  '  +  --^^T —  &c.     But  m  order  to  obtain  this  latter  feries, 
a  a^.  aS.  al.  a^. 

wc-^have  only  to  diyid^e  ^  by  j,^  adding  to  ihe  ocigiiialjdiKif«r  j,  every  time  o£ repeating  thc_ 
divifion,  dpuMc  the  <)uoti«nfr  aireadf  found,  together  with  the  term  which  fuch  new^if  iCon 
flhill  produce,  as  in  the  common  operation  for  extracting  the  fquare  root,  as  follows: 


.^     ^      •    ^     )tf         ,*f%         «S,  ui^.  -a*4     ,      ttf**. 


2^  h\    ^  bK 


b\^  _2^         b*. 


•m^m 


a.R         4.K       4.35. 
a\  or,  a*. 


2b         2b*.        4.bK         Kb*.    .  <.K        4^*. 


•    •    •    •    OCC* 


—  •'tj -i-  .  .  .  «cc. 

4  •  fl  • 


a  tf^  #5.  fl'.  tf9,    /  fl*. 


+  -T—  .  •  •  fcc. 


Tke  ratiations  which  a  change  of  figns  10  the  xuiginal  equation  will  produce  are  too  ob« 
▼ious  to  need  defcription. 

Hence  we  get  the  following  rules  for  theariibtnetical  folution  of  the  three  forms  of  qua- 
dratict)  which  may  be  reduced  to  two  cafes. 

C  A  SE    I.      X*  ±ax  =1  b. 

RULE.— -P/jr^  tie  nomerical  values  of  a  and  b  as  divifir  atii  diviJtfiJ^  as  in  commom  £vtfion% 
'^Having  found  the  firfi  figure  cf  the  quotient^  add  it  in  its  proper  place  (vibicb  is  the  fame  as 
that  of ftuh  figure  of  the  dividend  b  asfiandt  vver  iibfuaits  place  of  the firfi  produB  of  the  increafed 
£vifor  into  fuch  quotient fijgur4y  ^nuhen  plafofji  fir  ,fifbtra&im )"ic^  M>e.affiginal  divi/or  a  ;  nuiltiply 
the  fum  by  fuch  added  figure^  andfubtraB  the  produB  from  the  divOtjndy  as  in  .common  diiui/ion* 
Theny  if  the  next  figure  of  the  quotient  to  be  found  nvilifall  under  ^nyof  the  figures  of  the  firft 
increafed  divi/or j  fo  as  not  to  increafe  the  number  ^its  digits  when  added  to  it^  Mng  ^If^^  ^he 
next  figure  of  the  dividend^  as  in  common  dtvifion ;  butj  if  fuch  n^xt  figure  of  the  quotient  will^ 
Vfhen  added  in  its  proper jlace^  increqffthe  number  tf figures  in  thi  Mvifar^  bring  doHvn  the  two 
next  figures^  ^  in  Sbf  ^trafHon  ofihefquare  root.^^FM  fuch  next  figure  afthe  quotient,  ^md  add 
both  ^figures  rftbe  quotient  tv  ibe  firft  increafkd  divifor for  a  new  divlfor  (as  in  extraBing  the 
fqfiare  root)  ;  multiply  fuch  lafi  increa  ed  divifor  by  the  lafi  found figfire  ;  fubtraB  the  produB : 
bring  down  another  figure  or  figures  of  the  diyidsad^and  proceed  as  before  railways  adding  to  the  loft 
divifor  the  two  lafi  figures  of  the  quotient^  .iflfi^ding  the  quotient-figure  ^btaired  by  each  divifion^ 
for  a  new  divijor,  as  in  extraBing  the  fquar4Sfi0fj  undfo  on  till  ike  epireHion-  befimfbeJk     > 


140  Mathematical  Correfpotidertct. 

The  quotient  fo  obtained  if  a  value  of  x,  luho  e  Itgn  is  the  fame  as  that  of  thefecond  term  of  the 
original  equation  z^^for  ifi  other  value  add  to  ju.k  quotient  the  original  divifor  Oj  andprefiif  to  the 
fum  the  contrary fgn^ 

fXAMPLE    I. 

Given  ...«»+  56. 3A?  =  2579080.      Quaere  x. 

«  =    ....    5613 
+    4 


ift  Divifor  =  6013  .  .  .  .  )  2^79080  (  +    427.  =  x 

+      42  2aO>2''  5^^3* 

2d  D.   .  :  =  6433  •  •  •  •  )    173H8.       — .6040.  =  Af. 

+       27  t:^866.  — — . 

3d  D.    •  .  =  6460  •  •  •  «  )      45220 
■  45220 

.0. 

1KX AMPLE    2. 

Given  a:*  +  13.24687AC  =  123.45678932.     Quxrex. 

a =  13.24687. 

+    6 


ift  Divifor    =  19.24687.  )   123.45678932  (  -h    6.3120464569  •  .  &c.  =  * 

+    ^3  115.48122'"            13.24687 

2d  D.  .  .  =  2554687.  7975569           —  '9«55^9«64569  .  .  &c.  =  *• 

+      31  3"5083               ■      ■  ■ 

— — — —  5293962 

3d  D.  •  .    =  2585687.  1 201880. 

+        12  167045* 

— —  11820. 

4th  D.  .  .    =  2586887  1472. 

20  179. 

— — — ^-^  24. 

5th  D.  .  .    =  2587087  a. 


.  J 


. « « • . 


•    •    • 


I  if  Divifor  •  . 

=  54 
+    95 

^  2d  D. , .  .  .  . 

=  635 
+      57 

3d  D. 

=  6407. 
+        73 

4th  D 

=  64'43 
+          37- 

jth  D.  .  .  .  . 

=  641467. 

ZZAMH.B  3. 

GWen  **  —  45*  =  522.-47695432.    Qiixre  k, 

=  45 
+    9 

)  52247695432  ( —   9  5737736*2  .  .  5ic.  SB  j( 
486     '  '    '  '  45 

3647  +  54-573773<5a«  .  .  &c  =  * 

472<^  '. 1 — 

242054 
4962532. 
472263. 
33236. 

3992* 

144. 
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C  A  S  E    II.     ;r»  —  «*  =  —  *• 
'KUUL.'^ Proceed  as  before^  except  that  inftead  <f  adding  the  two  lajljlgures  of  the  quotient  to 
each  diviJoTf  as  in  the  former  Cafe^  they  muft  in  this  he  fuUraBed  from  it,  and  the  remainder  will 
he  the  new  diviforfor  each  repetition  of  the  divifion. 

The  quotient  is  the  lejfer  value  of  the  rooty  which yfuhtraBed  from  the  original  divifor  a^  will  give 
the  other  value  f  hoih  of  them  heing  affirmative.  If  b  he  greater  than  the  fquare  of  \a^  the  folutwn 
is  however  impofjihle. 

EXAMPLE. 

Given  **  —  i9.23456;f.  =  —  83.57214567.     Quaere  x. 

tf    -    •    .    .     =19.23456. 

—  6 

ift  Divifor  .  .  =13.23456.    )    83.57214567.  (  +  6.630654987.    Sec  =  jr. 

— •  66       .  79-4073^*  i9-^345<^- 

2d  D =  663456.  4164785  +12.603905012.    &c.  =  X. 

—  63  184D496  ■ 

: —  3912870. 

3d  D s=  600456.  328494. 

—  30  29796. 

'■  5900. 

4th  D =  597456-  524- 

—  06  46. 

5. 

5th  D =  597396 

It  18  unneceflary  to  remark,  that  the  contra£iioiu  ordinarily  made  ufe  of  in  the  eztradioA 
of  the  fquare  root  are  equally  applicable  here ;  and  they  are  accordingly  applied  in  all  the 
examples  except  the  firft. 

I  am  inclined  to  believe  that  fuch  as  ufe  tins  procefe  will  find  it  attended  with  fome  ad- 
vantages in  point  of  expedition,  efpecially  wher<  a  confiderable  number  of  places  is  re« 
quired  in  the  root— and  bdng  mathematically  corre£t|  it  may  of  courfe  be  extended  to  any 
length. 

I  am.  Sir,  your  moft  obedient  Servant, 

S&iMaj  1797.  J.  F— :—:—:— R. 


SCIENTIFIC  NEWS. 

Account  of  Menmrs  publifbedbj  the  Polytechnic  School  at  Paris. 

[Continued  from  page  95.] 

It  has  long  been  known,  that  the  fulphurc  of  potafli  attra^s  the  oxygene  in  the  atmo()phere, 
and  fcparates  it  from  the  azote  with  which  it  is  combined. .  Attempts  were  confequently 
made  to  conftruA  eudiometers  with  this  fulphure  in  imitation  ofScheele  ^  but  none  of  thefe 

6  gave 
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gave  the  refult  with  the  rcquifite  (peed  and  accuracy*  jSuy^  difcovered,  that  by  heating 
tJije  fjulphure  the  combination  is  made  .i;ifl;?n|;ly.  fie  jthereFore  advvfes  to  tak^  a  fiu^  letort 
filled  wifh  watQKi-tP  place  therein  the  Jmjill  piece  of  fulphure,  then  tp  introduce  the  air  and 
heat  wjth  a  taper  to  that  place  on  whidi  the  fulphure  re^s.  "T^e  abforption  cdT  .the  oxygenic 
is  immediately  made^  and  the  defircd  refult  afcertained. 

J^  this  iriveHtip.n>  which  contributes  todbe  accuracy  and  value  of  ^nanClrument  greatly 
ufeful  in  meteorological  obfervations,  Cuyton  has  rendered  a  real  fervice  to  philofopher^. 

Gottling  had  maintained,  in  a  memoir  publiihed  in  Gren's  Journal,  that  phofphorus 
burns  in  azotic  gas,  forms  an  acid  by  this  combultion,  and  does  not  bum  in  oxygenous  gas* 
Berthollet  made  feveral -experiments  on  the  combination  of  phofphorus  with  different  gafes. 
He  found,  i.  That  the  phofphorus  does  not  combine  with  oxygene  at  the  ordinary  4empe- 
rature,  but  requires  a  more  elevated  temperature  to  produce  combuflion.  2.  That  phofpho* 
Tus  is  foluble  in  the  azotic  gas  \  and  that,  by  means  of  this  folution,  it  burns  with  oxygenous 
gas  at  the  ordinary -temperature,  and  appears  luminous  in  the -dark. 

By  means  of  thefe  experiments,  Berthollet  explained  the  extraordinary  phenomena  which 
Gottling,  Lejcops,  and  Lampadiu3,  had  obfe;rv.ed .»  and  he  imagiived  that  phofphorus  might 
be  ufed  to  meafure  the  quantity  of  oxygene  j^a^  contained  in  the  air  of  the  atmofphere,  or  any 
other  gas  containing  azote. 

This  new  eudiometer  has  an  advant^e  'CVjrr  other  inftirumeiHs  of  the  fame  nature,  by 
(hewing  the  precife  inftant  of  the  total  absorption  of  oxygQif  >  which  happens  when  no 
more  white  vapour  is  feen  in  the  day  lighti  ,npf  light  in  an  obfcure  place ;  but  ic  has  likewifc 
the  inconvenience  of  requiring  the  preC^ncj:  of  a  quantity  pf.a;c<^te  .(efficient  to  'diifblve  the 
phofphorus  readily  before  its  combination^  with  oxygene. 

In  the  analyfis  of  the  calcedony  of  Creufot,  of  which  the  ^xmftituent  parts  proved  to  be> 
filex  86.08,  iron  7.68,  alumine4.11,  lime  1.16,  lofs  i.o>  G|iy ton  aimed  .lefs  to- afcertain 
the  proporiions  of  ingredients  in  a  (lone  fo  variable,  than  to  prefent  to  the  pupils  of  the  fchool 
an  exanple  of  the  anUyfis  of  ftones.  Ir  this  rcfpeA  his  memoir  is  one  of  «he  moft  inftruc* 
tive  in  the  coUedion. 

A  great  number  of  chemifts,  with  Pott  at  their  head,  have  laboured  at  llie  Iblution  of  the 
mterciling  problem  of  the  fufibtlity  of  earths,  upon  which  they  have  made  many  fcientific  ex- 
periments. To  thefe  Guy  ton  has  added  a  great  number  of  his  omtb.  Heiirft  tried  the  fufi- 
luKties  of  the  earths  with  oxygene  gas,  and  afterwards  the  rffeft  of  cafbonate  of  foda» 
calcined  borax,  pulverized  ammoniacai  phofphate  of  foda,  and  the  red  oxide  of  lead.  He 
afterwards  mixed  the  earths  4wo  and  two  wilh.tbe  preceding  fluxes,  and  at  lad  terminated 
by  the  a£Uo9  of  the  earths  upon  each  other,  and  that  of  calcareous  phofphate  on  each  of 
them.  The  feries  of  facts  muft  be  confulted  in  the  memoir  itfelf,  as  their  connexion  does 
not  allow  of  detached  extYi£ls. 

Clouet  had  publiQied  in  a  memoir,  that  the  piaifiiC.cdJQuji^g  principle  might  be  obtained 
by  paffing  ammoniacai  gas  through  ignited  charcoal.  The  experiaicnt$  related  by  Bonjour,  in 
the  third  Cahier  of  the  Journal  of  the  Polytechnic  School,  confift  merely  of  the  procefies 
he  made  ufe  of,  and  the  trials  he  made  in  the  prefence  of  Clouet  to  verify  the  phenomcnoi^ 
1m  ha4  annpunced,  an4  which,  after  a  mof^  caicfbl  .cxamtaationy  proved  to  be  in  every 
nfftOL  agveeable  to  the  accoun  t  whicii  was  pnUiflied* 

a  Tht 


Sulphuric  Actd.'^Ccfigelathm  ef  Mercurj.^^Ela/iic  Fluids.  t^ 

The  memoir  of  Fourcroy  and  Vauquelin  on  the  fulphureous  acid;  confifts  in  an  exami- 
nation or  hiftory  of  its  a£lion  on  every  known  fubftance.  They,  in  the  flrft  place,  examined 
this  aflion 

f  caloric 
upon  I 

\  oxygcne  gas, 

fulphuric  rpotafli 

x^\xxic  with  the  alkalisK  foda 

muriatic  Lammoniac, 

rhifdrogcn  ^  , 

i   r?  falumine 


next  on  the  acids  ^ 


afterwards  on  thecombuftibles^ 


phofphorus  I 

phofphoratcd hydrogen  gas  with  the  earthsi  ^^ 

fulphuratcd  hydrogen  gas  I  ^ 

i_  I  mairnefia* 

carbon  ^      * 


In  every  cafe  wherein  the  fulphureous  acid  formed  a  fait  by  combination,  thefe  chemifts 
have  defcribed  the  form  of  its  cryftals,  its  fufibility,  the  affinities  and  proportion  of  con(li> 
tuent  parts. 

This  memoir  prefcnts  a  complete  table  of  the  binary  combinations  of  the  fulphureous- 
acid,  and  renders  it  very  defirable  that  the  authors  (hould  continue,  for  the  advancement  of 
fcience,  to  publifli  fimiiar  accounts  of  a  great  ntimber  of  fubflances,  on  which  our  notions 
are  yet  very  incomplete. 

The  three  memoirs  of  general  phyGcs :  i.  Of  the  congelation  of  mercury,  by  Haflen* 
fratz,  Bonjour,  and  Welte.  2.  The  laws  of  dilatation  in  daftic  fluids,  by  Prony.  3.  The 
influence  of  fnow  and  rain  on  vegetation,  by  HaflTenfratz. 

It  hav  long  been  known,  that  mercury  was  rendered  folid  at  Peteriburg  by  cold  24  degrees 
of  Reaumur  below  zero,  and  that  in  this  ftate  it  becomes 'malleable.  The  experiment  was 
repeated  at  London  by  Cavendlfli,  by  producing  the  fame  degree  of  artificial  •cold ;  but  this 
refult  had  never  been  obtained  in  France. 

The  memoir  of  Haflenfratz  on  the  congelation  of  mercury  contains  only  a  repetition  of 
this  experiment,  in  which  the  proportion  of  caloric,  abforbed  during  the  congelation  of  the 
metaU  is  determined)  which  had  not  before  been  done  by  any  phi]ofophcr«  This  experi* 
ment  has  afforded  a  very  curious  refult.  In  water  the  caloric,  abfofbedduringthe  tranfition 
from  the  folid  to  the  fluid  ftate,  is  faflScientto  have  raifed  its  temperature  tfo  degrees  Reau- 
mur ;  and  in  mercury  the  quantity  to  produce  the  fame  efie£b' would  have  been  fufiicient 
to  raife  the  temperature  64  degrees. 

In  order  to'  afcertain  the  principle  and  the- laws  to  which  a  greaf  number  of  plienomeni 
are  referable,  it  is  neceflary  to  make  a  feries  of  reiterated  experiments  on- the  fame  falfls. 
This  is  attended  with  two  kinds  of  difficulties,  namely,  the  time  they  require^  and  the  iih« 
perfeftion  of  the  inftrument. 

Neverthclefs,  when  the  exiftence  of  a  law  in  the  progrefs  of  any  phenomenon  ig  afcef- 
tained,  it  is  always  poflTible,  fromafmall  number  of  experiments,  to  difcover  by  analyffs  an 
equation  which  may  exprefs  the  law.  This  is  the  objc£l  of  the  memoir  which  Prony  has 
printed  in  the  fecond  Cahier  of  the  Journal  of  the  Polytechnic  School.  It  is  divided  into 
two  parts.  In  the  firft  he  invefligates  a  method  of  interpolation  applicable  to  the  phenomena 
which  depend  on  elaflic  fluids ;  in  the  fecond  he  applies  this  method  to  afcertain  the  Jaw 
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of  dilatabinty  in  thefc  fluids.  For  this  application  he  avails  himfelf  of  tlte  experiments  made 
by  Prieur,  and  publKhed  by  Guyton,  on  the  dilatability  of  oxygene  gas,  azote,  hydrogenous* 
nitrous,  carbonic  acid>  and  ammoniacal  gafes ;  and  laflly,  on  the  expanfive  force  of  the  va-> 
pour  of  water  and  that  of  alcohol. 

7  his  memoir  contains  tables  deduced  from  the  equations  afforded  by  the  methods  made 
ufe  of  by  the  author,  and  the  refults  obtained  by  Prieur.  They  are  likewife  exprcflcd  by 
engraved  curves. 

It  was  formerly  obfervcd,  that  fnow  preferves  the  vegetative  power,  and  that  ram  accele- 
rates the  growth  of  plants  more  than  artificial  waterings.  Haflenfratz  has  enquired,  in  his 
memoir,  into  the  caufe  of  thefe  comparative  cffefts.  He  (hews,  from  fcvcral  experiments, 
that  the  prefcrving  power  of  fnow  arifes  from  two  circumftances— its  imperfcft  condudling 
power,  and  its  oxygenation.  This  philofopher  has  proved,  that  fnow  is  water  oxygenated 
and  converted  info  the  folid  form.  He  has  alfo  (hewn,  that  rain  is  more  oxygenated  than  any 
other  water,  and  that  a  large  portion  of  its  good  effedls  is  to  be  attributed  to  tliis  circum- 
ftance. 

l^he  memoir  on  the  arts  is  written  by  Chauflier.  Itsob|e£l  is  to  defcribe  the  compofition* 
of  a  liquor  proper  to  be  fubftituted  indead  of  wine  Ices  in  fulling^  to  obtain  the  greated 
cfTeA  with  the  mod  facility  and  economy.  . 

The  liquor  indicated  by  Chauflier  is  a  fmall  quantity  of  fulphuric  acid.  This  acid  bath, 
which  experience  has  affured  him  may  be  ufed  with  invariable  fuccefs,  likewife  affords  the 
aidvantage  of  obtaining  a  very  white  colour  in  hats,  becaufe  the  felt  does  not  become  co« 

loured  in  the  working. 

_^ . 

Extract  of  m  Letter  from  Profeffir  LoRENZ  D£  Cji££L. 

.  MR.  KLAPROTH^is  continuing  hb  chemical  analyfis,and  will  fliortly  publifli  a  fecond 
f  blume  of  them.  He  has  found  that  the  newly  difcovered  Titanium  is  by  no  means  fo  rare  as 
might  be  fuppofed  from  its  not  having  been  known  till  lately.  He  has  deteAed  it  in  a  An- 
gular kind  of  mineral  found  at  Afchaffenberg  by  Prince  Gallitzin,  and  in  fome  other  mine- 
f  als^  as  well  as  in  menakanite,  in  which  it  is  mixed  with  iron. — Mr.  Weftrumb's  method  of 
obtaining  ardent  fpirits  from  different  (brts  of  grain,  proves  to  be  excellent,  and  fucceeds 
well  on  a  large  fcale  as  a  braneh  of  trade.-— Sulphate  of  barytes  does  not  require  more  than 
an  equal  quantity  of  well  aerated  alkali  for  its  decompofition  both  in  the  humid  and  dry  way. 
Muriate  of  barytes  is  obtained  perfedily  pure  by  boiling  it  in  ten  times  its  weight  of  highly 
refiified  alkohol  vini,  which  difTolves  nothing  but  this  muriate. — ^To  feparate  hepatic  gas- 
and  carbonic  acid  gas  when  united,  employ  acidulated  acetite  of  filver  or  mercury.  Either 
of  thefe  metallic  ialts  will  ablbrb  the  hepatic  gas,  and  leave  the  carbonic  acid  gas  un<- 
touched* 

•  This  article  was  forwarded  to  the  learned  editorof  the  Engli(h  tranflation  of  Crell's  Journal ;  from  whom 
I  received  it  in  a  letter,  containing  very  encouraging  expreffions  of  approval  and  good  wiibcs  for  the  fucccis  of 
the  prelent  undertaking. 
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ARTICLE    L 

Ohftrvatlons  on  Horizontal  RefraBions  which  affeB  the  Appearance  of  Terrejlrial  OhjeBs^  and  the 
Dip  or  DepreJJlon  of  the  Horizon  of  the  Sea.     By  JOSEPH  HUDDART^  Efq.  F.  R.  S.  ♦ 

JL  HE  variation  and  uncertainty  of  the  dip  in  different  ftates  of  the  air,  taken  at  the  fame ' 
altitude  above  the  level  of  the  fea,  was  the  reafon  of  my  turning  my  thoughts  to  this  fubjefty 
as  it  renders'  the  latitude  obferved  incorre£l,  by  giving  an  erroneous  zenith  diftance  of  a 
celeftial  objeft. 

I  have  often  obferved,  that  lowlands,  and  the  extremity  of  headlands,  or  points  forming  aa 
acute  angle  with  the  horizon  of  the  fea,  and  viewed  from  a  diftance  beyond  it,  appear  ele- 
vated above  it,  with  an  open  fpace  between  the  land  and  the  fea.  The  moft  remarkable  in- 
Ilance  of  this  appearance  of  the  land,  I  obferved  at  Macao,  for  feveral  days  previous  to  a 
typhon,  in  which  the  Locko  loft  her  topmafts  in  Macao  roads  ;  the  points  of  the  iilands 
and  lowlands  appearing  the  higheft,  and  the  fpaces  between  them  and  the  fea  the  largeft,  I 
ever  faw.  I  believe  it  arifes  and  is  proportional  to  the  evaporation  going  on  from  the  fea« 
And  in  refie£ling  upon  this  phenomenon,  I  am  convinced  that  thofe  appearances  muft  arife 
from  refraAion,  and  that,  inftead  of  the  denfity  of  the  atmofphere  increafing  to  the  furface 
of  the  fea,  it  muft  decreafe  from  feme  fpace  above  it;  and  that  evaporation  is  the  principal 
caufe  which  prevents  the  uniformity  of  denfity  and  refraftion  being  continued  by  the  ge- 
neral law  down  to  the  furface  of  the  earth.  And  I  am  inclined  to  believe,  though  I  men- 
tion it  here  as  a  conjefture,  that  the  difference  of  fpecific  gravity  in  the  particles  of  the  at- 
mofphere may  be  a  principal  agent  in  evaporation ;  for  the  corpufcles  of  air,  from  their 
affinity  with  water,  being  combined  at  the  furface  of  the  fluid  from  expanfipn,  form  air 

*  Philofophical  Tranfa^tions  for  1797. 
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fpectfically  lighter  than  the  dtier  atmofphere}  and  therefore  float  or  rife,  from  that  principle> 
as  fteam  from  watery  and  in  their  rifing  (the  furrounding  corpufcles  from  the  £ime  caufe 
imbibing  a  part  of  the  moifture)  become  continually  drier  as  they  afccnd,  yet  continue 
afcending  until  they  becdtae  equally  deafe  wkh  the  air*.  However,  thefe  conje£lures  I 
(hall  IcavCi  and  proceed  to  the  following  obfervations  upon  refractions : 

In  the  year  17931  when  at  AUonby  in  Cumberland,  I  made  fome  remarks  on  the  ap- 
pearance of  the  Abbey-head  in  Galloway,  which  in  diftance  from  Allonby  is  about  feven 
leagues ;  and  from  my  window,  at  fifty  feet  above  the  level  of  the  fea,  at  that  time  of 
tide,  I  obferved  the  appearance  of  the  land  about  the  Head  as  reprefented  in  Pi.  VIIL  Fig.  i  • 
There  was  a  dry  fand  xy,  called  Robin  Rigg,  between  me  and  the  Head,  at  the  diftance  from 
my  houfe  of  between  three  and  four  miles  |  over  which  I  faw  the  horizon  of  the  fea  H  O ; 
the  fand  at  this  time  was  about  three  or  four  feet  above  the  level  of  the  fea.  The  hummock  d 
is  a  part  of  the  headland ;  but  appeared  infulated  or  detached  from  the  reft,  and  confiderably 
elevated  above  the  fea,  with  an  open  fpace  between.  I  then  came  down  about  twenty-five 
feet,  when  I  had  the  dry  fand  of  Robin  Rigg  ^  j^  in  the  apparent  horizon,  and  loft  all  that 
floating  appearance  feen  from  above ;  and  the  Abbey-head  appeared  everywhere  diftin£)r 
from  the  furface  of  the  fand.  This  being  in  the  afternoon,  the  wet  or  moifture  on  the  fand 
would  in  a  great  meafure  be  dried  up.  I  have  reafon  therefore  to  conclude,  that  evaporatioir 
is  the  caufe  of  a  lefs  refra£lion  near  the  furface  of  the  fea ;  and  when  fo  much  fo  as  to  make 
an  objefl  appear  elevated  wholly  above  the  horizon  (as  at  d  in  Fig.  i.)  there  will  from; 
every  point  of  this  objeCl  iiTue  two  pencils  of  rays  of  light  which  enter  the  eye  of  the 
obferver,  and  that  below  the  dotted  line  AB  (parallel  to  the  horizon  of  the' fea  HO)  the  ob- 
jects on  the  land  will  appear  inverted. 

To  explain  this  phenomenon,  I  (hall  propofe  the  following  theory,  and  compare  it  witE 
the  obfervations  which  I  have  made.  Suppofe  HO,  Fig.  a-  to  reprefent  the  horizontd  fur- 
face of  the  fea,  and  the  parallel  lines  above  it  the  lamina  or  ftrata  of  corpufcles,  which,  next 
the  fluid,  are  moft  expanded,  or  the  rareft^  and  every  lamina  upwards  increafing  in  denfity^ 
ttU  it  arrive  at  a  maximum  (and  which  I  (hall  in  future  call  the  maximum  of  deniity)  at  the 
line  D  C)  above  which  it  again  decreafes  in  denfity  ad  infinitum. 

Thouf^  this  in  reality  may  be  the  cafe,  1  do  not  wiih  to  extend  the  meaning  of  the 
word  denfity  farther  than  to  be  taken  for  the  refra£live  power  of  the  atmofphere ;  that  is,  a 
ray  of  light  entering  obliquely  a  denfer  lamina,  to  be  refra&ed  towards  a  perpendicular  to 
its  furface  ^  and  in  entering  a  rarer  lamina  the  contrary ;  which  laminae  being  taken  at  in- 
finitely fmall  diftances,  the  ray  of  light  will  form  a  curve  agreeable  to  the  laws  of  dioptrics. 

Iti  order  to  eftablifli  this  principle  in  horizontal  refra£bions,  I  traced  over  various  part* 
tt  this  ihore,  at  different  times,  when  thofe  appearances  feemed  favourable,  with  a  good 
tekfcope>  and  found  objeAs  fufiicient  to  confirm  it ;  though  it  be  difficult  at  that  diftance 
of  the  land  to  get  terreftrial  objeds  well  defined  fo  near  the  horizon,  as  will  afterwards 
appear. 

•  Mr.  Hamilton,  in  his  very  curious  Efliy  on  the  Afcent  of  Vapours,  does  not  allow  of  this  principle  even 
as  an  aflfiftant;  though  by  a  remark  (page  15)  he  takes  notice  of  thofe  appearances  in  the  horizon  of  the  (ea^ 
and  fays  they  arifc  from'  a  ftrong  or  imufual  degree  of  rcfiradUon  j  the  contrary  of  which  I  hope  to  illuftrate  in 
the  couric  of  this  paper. 

One 
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One  ilay,  Dbfervlng  tLe  laod  elevatetl,  and  fecictg  a  fraall  vclIH  at  about  ciglit  miles  dt;'- 
unce,  1  from  my  window  diicAed  my  tclefcope  to  Iier,  and  thought  lier  a  fitter  objcfl  than 
any  other  1  had  fcen  for  the  purpofc  of  exphining  the  phenomena  of  thefe  refractions.  The 
Ulrfcopc  was  forty  feet  above  the  level  of  the  fca  :  tlie  bo;it's  mall  about  ihiny-five  feet : 
fte  being  about  twenty  to  thirty  tona  burthen.  The  barometer  at  39.7  iiiciies,  and  Fah- 
renheit's thermometer  at  54.''. 

The  appearance  of  the  velTel,  as  magnifiedjn  the  lelefcope,  was  as  rcprefentcd  in  Fig.  3, 
>nd  from  the  mad-head  to  the  boom  was  well  defined.  I  pretty  diliindly  faw  the  head 
xnd  Jboulders  of  the  man  at  the  helm ;  but  the  hull  of  the  vefTel  was  contracted,  confufcd, 
and  ill  de6ned.  The  inverted  image  began  to  be  well  defined  at  the  boom  (for  I  could  not 
dearly  perceive  the  man  at  the  helm  inverted),  and  from  the  boom  to  the  horizon  of  the  fca 
the  fails  were  well  defined  ;  and  I  could  fee  a  fmall  opening  above  the  horizon  of  the  fea  in 
the  angle  made  by  the  gaff" and  maft ;  and  had  the  malt  been  fhortcr  by  ten  feet  (to  the 
Iieight  oi  y),  the  whole  would  have  been  elevated  above  the  horizon  of  the  fea,  and  from 
ytod  an  open  fpacc.  Thi3  drawing  was  taken  from  a  (ketch  I  took  at  the  time,  and  rcprc- 
fents  the  proportion  of  the  inverted  to  the  creil  obje£t,  as  near  as  I  could  take  it  by  the 
eye;  the  former  being  about  two  thirds  of  the  latter  in  height,  and  the  fame  breadth  rc- 
fpeflivclyi  though  at  one  time,  during  my  obfervation,  which  1  continued  for  about  an  hour, 
I  thought  the  inverted  nearly  as  tall  as  the  txaSt  objed.  The  day  was  fine  and  clear,  with 
a  very  light  air  of  wind,  and  I  found  very  little  tremor  or  ofciUation  in  viewing  her  through 
the  telcfcope. 

1  have  laid  down  Fig.  4.  for  the  explanation  of  the  above  phenomena,  in  which  A  reprefents 
the  window  I  viewed  B  the  tcAcI  from ;  ko  the  curved  furface  of  the  fea ;  CD  parallel  to 
HO  the  height  of  the  maximum  of  denfity  of  the  atmofphere  ;  the  lines  marked  with  the 
IJnall  letters  a  a,  bb,ec,  Ad,  the  pencils  of  rays  under  their  various  icfrat^ions  from  the 
Tcllid  to  the  eye  or  objcd-glafs  of  the  tclefcope. 

The  pencil  of  rays  a  a,  from  a  point  near  the  head  of  the  aiainfail.  is  wholly  refra£led  in 
a  c^nre  convex  upwards,  being  everywhere  above  the  maximum  of  denfity ;  and  the  pencil 
of  rays  d  d,  which  llTueB  from  the  fame  point  in  the  fail,  and  paffes  near  the  horizon  of  the 
fea  at  *,  is  convex  upwards  from  the  fail  to  W,  where  it  palTes  the  line  of  maximum  of 
dcuGty,  wiiich  is  the  point  of  inflcflion ;  there  it  becomes  convex  downwards,  paQing 
near  the  horizon  at  x  to  y,  where  it  is  again  inflc^cd,  and  becomes  convex  upward* 
irom  thence  to  the  eye.  The  pencil  of  rays  b  h,  from  the  end  of  the  boom,  pafling  nearly 
fiarallel  id  the  horizon,  and  near  the  maximum  qf  denlity,  fulTcrs  very  little  deviation  from 
a  right  line  in  the  firft  port  -,  but  in  afcending  (from  the  curvature  of  the  fea)  will  be  con- 
vex upwards  to  the  eye.  The  pencil  of  rays  e  c,  from  the  fame  point  in  the  boom,  may 
Ittve  the  fmaU  part  to  c  convex  upwards  :  from  f  to  z  it  will  be  convex  downwards,  and 
&om  =  to  the  eye  convex  upwards. 

From  this  invcftigatiom  it  appears  thu  two  pencils  of  rays  caimot  pafs  from  the  lame 

^]>oint  snd  enter  the  eye  from  ttie  law  of  refra£lion,  except  one  pencil  pafs  through  a 

I  .medium  which  the  other  has  not  entered ;  and  tJurefore  the  oaaximum  of  dcniity  was 

I  Adow  the  booiD,  and  could  not  exceed  ten  fcei  of  height  above  the  furface  of  the  fea  at 

e  time  thefe  obfervstione  were  maidc. 

Rcfpet^ng  the  haU  cf  the  veCPd  being  confufcd  uid  ill  defined  in  the  telefcope,  as 

F  F%.  3,  it  arifci  from  the  blcodiDg  of  the  rays  from  the  diScreat  parts  of  the  objefi 

U  a  rcfrafte* 
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refraxSled  through  the  two  mediums  \  fome  parts  of  the  hull  appearing  ere£Vy  attd  Tome- 
inverted.  Suppofe  the  dotted  line  1  /,  Fig.  4.  an  indefinite  pencH  of  rays  pafling  from  be- 
tween the  inverted  and  ereft  parts  of  tlie  object:,  or  the  upper  part  of  the  hull  of  the 
veflel  to  the  eye  (for  the  lower  part  of  the  hull  could  not  be  obferved),  the  objcfts  cannot 
appear  inverted,  except  the  angles  at  the  eye  a  Pic  ami  a  \d  exceed  the  angle  a  A  i ;  for 
the  intermediate  fpace  could  only  be  contrafted  by  the  fecondary  pencil  of  rays.  Tlie 
lengths  of  the  inverted,  compared  with  the  creft  image  of  the  fail,  is  as  the  fines  of  the 
angles  at  the  eye  a  At  to  i  Ad:  and  the  angle  at  the  eye  a  Adj  made  by  the  two  pencils 
of  rays  from  the  fame  point  near  the  head  of  the  fail,  mud  be  double  the  angle  a  A  i, 
when  the  inverted  image  is  as  tall  as  the  ere£V.  In  this  cafe  the  fines  of  the  angles  a  Ak^ 
a  AcyO  Ad^  Fig.  4,  are  proportional  to  the  altitudes  ^7  ^,  a  c^  a  d,  in  the  magnified  view  o£ 
the  veflel  Fig.  3. 

Under  this  confideration,  no  inverted  image  of  the  fail  will  be  formed,  until  the  angle 
at  the  eye,  made  by  the  two  refracted  pencils  of  rays  na  and  ddj  exceed  the  angle  made  hy 
ma  and  b b^  the  apparent  height  of  the  fail  of  the  veflel;  for,  were  thofe  angles  equal,  the 
inverted  fail  would  only  be  contracted  into  the  parallel  of  altitude  of  the  boom  ^,  and  render 
the  appearance  confufed,  as  in  the  hull  of  the  veflel. 

Refpefting  the  exiftence  of  two  pencils  of  rays  entering  the  eye  from  every  point  of  ati. 
objeft  not  more  elevated  than  ^,  or  lefs  than  /,  Fig.  3,  in  this  (late  of  the  atmofphere,  1 
cannot  bring  a  ftronger  proof  than  that  of  the  ftrength  of  a  light  when  the  rays  pafs  near 
the  horizon  of  the  fea,  proved  by  the  following  obfervations : 

Going  down  Channel  about  five  years  ago  in  the  Trinity  yacht,  with  feveral  of  the 
elder  brethren,  to  infpedl  the  light-houfcs,  &c.  I  was  told  by  fome  of  the  gentlemen^ 
who  had  been  on  a  former  furvey,  that  the  lower  light  of  Portland  was  not  fo  ftrong 
as  the  upper  light  at  near  diftances ;  but  that  at  greater  diftances  it  was  much  ftronger. 
I  fufpe£ted  that  this  difference  arofe  from  the  lower  light  being  at  or  near  the  horizonof 
the  fea,  and  mentioned  it  at  the  time ;  but  afterwards  had  a  good  opportunity  of  making  the* 
obfervation.  We  paflTed  the  Bill  of  Portland  in  the  evening,  fleering  towards  the  Start;  ai 
frefh  breeze  from  the  northward,  and  clear  night.  When  wc  had  run  about  five  leagues 
from  the  lights,  during  which  time  the  upper  light  was  univerfally  allowed  to  be  the  ftronger,. 
(feveral  gentlemen  keeping  watch  to  make  obfervations  thereon),  the  lower  light  drawing, 
near  the  horizon  fuddenly  (hone  with  double  luftrc.  Mr.  Strachan,  whofe  fight  is  weak,  had 
for  fome  time  before  loft  fight  of  both  lights ;  but  could  then  clearly  perceive  the  lower 
light.  I  then  went  aloft  (as  well  as  others),  but  before  I  got  .half  maft  up,  the  lower  light 
was  weaker  than  the  upper  one.  On  coming  down  upon  deck,  I  found  it  again  as  ftrong  as 
before.  We  proceeded  on,  and  foon  loft  the  lower  light  from  the  deck ;  and  upon  draw^ 
ing  the  upper  light  near  the  horizon,  it,  like  the  former,  flione  exceeding  bright.  I  again 
went  aloft,  when  it  diminiihed  in  brightnefs;  but  from  the  maft<head  I  could  then  fee  the 
lower  light  near  the  horizon  as  ftrong  as  before-  This  is  in  confequence  of  the  double 
quantity  of  light  entering  the  eye  by  the  two  pencils  of  rays  from  every  point.  ■  To. 
illuftrate  which,  we  compare  the  veflTcl  Fig.  4.  to  a  light-houfe  built  upon  the  fhore, 
and  A  the  place  of  the  obferver ;  and  having  brought  down  the  light  fo  low  as  to  view  it 
in  the  direftion  a  Oy  another  light  would  appear  in  the  horizon  at  Xf  from  the  pencil  ddi 
and  had  the  vefl^el  been  ftill  enough  to  have  obferved  it  at  this  time  with  a  good  glafs,  I 
doubt  not  but  the  two  images  might  have  been  diftindlly  feen.    As  the  light  dropped  (bjr 

increafing 
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%Kreaffng  the  diftance)  the  two  images  would  appear  continualfy  to  approach  each  other, 
tilf  blended  with  double  light  in  one,  and  difappear  at  the  altitude  i,  above  the  apparent 
borizon  of  the  fea.  But,  as  explained  before,  if  the  (Irength  of  evaporation  did  not  fe- 
parate  by  refradlion  the  pencils  a  a  and  ei  d  to  2,  greater  angle  than  double  the  angle  tliat  the 
lamps  and  reiieftors  appear  under,  the  two  images  would  be  blended,  and  the  ftrong  ap- 
pearance of  light  would  be  of  (horter  duration.  The  didance  run  from  the  lights  during  the 
time  each  of  the  lights  (hone  bright,  would  have  been  ufeful ;  but  this  did  not  occur  at  the 
time,  nor  have  I  had  the  like  opportunity  fince.  However,  I  recommend  to  the  mariner  to 
flation  people  at  different  heights  in  looking  out  for  a  light,  in  order  to  get  fight  of  it  near  the 
horizon,  when  it  is  always  ftrongeft. 

Refpefling  the  appearance  of  the  Abbey -head,  before  mentioned,  Fig.  i,  the  dotted  line 
AB  reprefents  the  limit,  or  the  loweft  points  of  the  land  that  can  be  feen  over  the  fca;  for,  as 
above  dated,  all  the  objefls  appearing  below  this  line  are  the  land  above  it  inverted  j  and 
where  the  land  is  low,  as  at  d  and  iw,  it  muft  appear  elevated  above  the  horizon  of  the  fea. 

In  Figure  5,  let  HO  rcprefcnt  the  curve  of  the  ocean,  and  d  the  extreme  top  of  the  mount 
Tifible  at  A  by  the  help  of  refraftipn  j  the  dotted  pencil  of  rays  cc  pafling  from  d  to  the  eye, 
in  fome  part  a  little  below  the  maximum  of  denfity,  where  inverfion  begins;  therefore  no 
land  lower  than  this  can  be  feen ;  for  any  pencil  from  a  point  in  the  land  lower  than 
this  muft,  in  the  refradlion,  have  a  contrary  flexure  in  the  curve,  and  therefore  pafs  above 
the  obferver.  Let  AD  be  a  tangent  to  the  curve  at  A,  then  the  objeft  d  will  appear  to  be 
elevated  by  refraftion  to  D  i  alfo  let  A  v  be  a  tangent  to  the  pencil  A  a?  at  A,  then  the 
angle  DA*  will  appear  to  be  an  open  fpacc,  or  between  D  and  the  horizon  of  the  fea. 
Suppofe  a  fiar  fhould  appear  very  near  and  over  the  mount  //,  as  at  *,  two  pencils  would 
iflue  from  every  point  of  It,  and  form  'a  ftar  below  as  well  as  above  the  hummock  d.  There 
are  always  confufed  or  ill  defined  images  of  the  objefts  at  the  height  of  the  dotted  line. 
Fig.  I,  above  the  level  of  the  fea,  as  before  mentioned  •,  and  inftead  of  the  points  of  //end- 
ing (harp  in  that  line,  they  appear  blunted,  and  the  Abbey-head  is  frequently  infulatetl  at 
the  neck  m» 

I  have  viewed  from  an  elevated  fituation  a  point  or  headland  at  a  diftance  beyond.the 
hofizop  of  the  fea,  forming,  as  in  Fig.  6,  a  ftraight  line  AB,  making  an  acute  angle  BAG 
with  the  horizon  of  the  fea..  Seeing  the  extreme  point  blunted  and  elevated,  I  defcended  ; 
and  though  in  defcending  the  horizon  cut  the  land  higher,  as  at  HO,  HO,  yet  the  point 
had  always  the  fame  appearance  as  /i  ii  ^ ,  Fig.  6,  thougli  the  land  is  known  to  continue  in 
the  direction  of  the  ftraight  line  AB  to  beneath  the  horizon,  or  nearly  fo,  as  viewed  from 
the  height  above. 

If  then,  from  a  tow  fituation,  we  view  this  headland  through  a  telefcope,  the  inclination 
of  the  furface  A  B  to  the  horizon  being  known  to  be  a  ftraight  line,  it  will  appear  as  in 
Fig.  7;  the  dotted  line  (at  the  height  of  the  point  where  a  perpendicular  a?;?  would  touch  the 
extreme  of  the  land)  being  at  the  limit  or  loweft  point  of  creft  vifion.  And  if  a  tangent 
to  the  curved  appearance  of  the  land  ab  is  drawn  parallel  to  the  inclined  furface  of  the 
land  A  B,  Fig.  6,  touching  it  at  C,  the  point  C  will  fliew  the  height  of  the  maximum  of 
denfity,  where  the  pencil  of  the  rays  of  light  from  thence  to  the  eye  approaches  neareft  the 
'fea ;  for  pencils  of  rays  from  this  land,  taken  at  fmall  diftances  from  C,  will  form  parallel 
curves,  nearly  through  the  refra£ling  mediums,  and.C  will  be  the  point  of  greateft  refrac- 
tion s 
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tion ;  for  above  C»  ts  to  B,  the  refradUon  fomewhat  decreaGng,  will  appear  below  the  line 
«  >,  or  the  parallel  co  the  furfaceof  the  land,  and  the  refradlions  decreafe  below  the  point  C; 
for,  had  they  increafed  uniformly  down  to  the  furface  of  the  fea,  it  would  render  tl)e  apparent 
angle  of  the  point  of  laud  z  more  acute  than  the  angle  C  a  O,  contrary  to  all  obfervations. 
Tlias  I  have  endeavoured  to  explain  the  phenomena  of  the  diftortcd  appearance  of  the 
land  near  the  horizon  of  the  fea  when  the  evaporation  is  great,  and  when  at  the  lead  I  never 
found  the  land  quite  free  from  it  when  1  ufed  a  telefcope,  and  from  thence  infer  that  we 
cannot  have  any  expeAation  to  find  a  true  correAion  for  the  t,StQi  of  terreftrial  refraAioa 
by  taking  any  certain  part  of  the  contained  arc;  for  the  points  z  CB,  Fig.  7,  will  have  various 
refradiions,  though  they  are  at  nearly  the  fame  diftance  from  the  obferver.  And  if  the  ob- 
fervations are  made  wholly  over  land,  if  the  ground  rifes  to  within  a  fmall  diftance  of  the 
rays  of  light,  in  their  paiTage  from  the  obje^l  to  the  eye,  as  well  as  at  the  fituation  of  the 
obje£t  and  obferver^  the  refradions  will  be  fubje£l  to  be  influenced  by  the  evaporation 
of  rains,  dews,  &c.  \  which  is  fufficiently  proved  by  the  obfervations  of  Colonel  Williams, 
Captain  Mudge,  and  Mr.  Dalby,  Phil.  Tranf.  1795,  p*  583. 

The  appearances  mentioned  by  Colonel  Williams,  Captain  Mudge,  and  Mr.  Dalby  (Phil. 
Tranf.  I79S>  p*  586,  587)  cannot  be  demonftrated  upon  general  principles,  as  they  arife 
from  evaporation  producing  partial  refractions.     In  thofe  general  principles  it  is  fuppofed 
that  the  fame  lamina  of  denCty  is  everywhere  at  an  equal  diltance  from  the  furface  of  the 
fea,  at  leaft  as  far  as  the  ^ye  can  reach  a  terreftrial  object ;  but  in  the  partial  refraAions,  the 
iamina  of  the  expanded  or  rarefied  medium  may  be  of  various  figures,  according  to  cir- 
cumftances,  which  will  refrajl  according  to  the  incidence  of  the  rays,  and  afie£l  the  ap- 
pearance of  the  land  accordingly,  which  I  have  often  feen  to  a  furprifing  degree.    But  my 
principal  view  is^  to  (hew  the  uncertainty  of  the  dip  of  the  fea,  and  that  the  eflRsft  of  eva- 
poration tends  to  deprefs  the  apparent  horizon  at  x  when  the  eye  is  not  above  the  maximum 
of  denfity  \  and  from  hence  the  difficulty  of  laying  down  any  corre£t  formula  for  thefe  re- 
fra£lion8  whilft  the  law  of  evaporation  is  fo  little  underftood ;  which  indeed  feems  a  tad: 
not  eafy  to  furmount.     The  efiefl  indicated  by  the  barometer  and  thermometer  is  infuf- 
ficient  i  and  flioald  the  hydrometer  be  improved  to  fix  a  ftandard  for  moifture  in  the  at- 
mofphere,  and  fhew  the  variations  near  the  furface  of  the  ocean,  which  certainly  mufl;  be 
^akea  into  the  account  (evaporation  going  on  quicker  in  a  dry  than  a  moift  atmo(phere)j 
the  theory  might  ftill  be  incomplete  for  corre&ing  the  tables  of  the  dip.    I  (hall  therefore 
conclude  this  paper,  by  (hewing  a  method  I  ufed  in  pradice,  in  order  to  obviate  this  error 
in  low  latitudes. 

When  I  was  defirous  to  attain  more  accurately  the  latitude  of  any  headland,  &c  in 
#ght,  I  frequently  obferved  the  angular  diilances  of  the  fun's  neareft  limb  from  the  horizons 
upon  the  meridian  botli  north  and  ibuth,  bq;inaing  a  iva  minutes  before  noon,  and  taking 
alternately  the  obtervations  each  way,  fpom  the  poop,  or  ianyt  convenient  part  of  the  (hip, 
where  the  fun  and  the  horizon  both  north  and  fouth  were  not  intercepted  %  and  having 
found  the  greateft  and  leaft  diftances  from  the  xcfpe^v«  horizons,  which  was  at  the  fun's 
pafljng  die  meridian,  and  correfted  both  for  refra£Uon,  by  fubtra^Hng  from  the  leaft,  and 
adding  to  the  greateft  altitude,  the  quantity  given  by  the  <ubie  \  and  alfo  having  correded 
jior  tlK  error  of  the  inftrument,  and  the  fun's  feaM-diameter,  the  fum  of  thefe  two  angular 

idifancet  PKlocod  as  abovie---i8o^  is  equal  to  double  the  dip,  as  by  die  fallowing 

Bxatnpli^ 


CvrreBunfir  the  Dip  deduced  from  Otfervaikn.  i%  i 

r 

Example* 

The  fun's  declination  4*^32' 30"  and  its  fcmi-diametcr  I5'58''  took  the  following  ob- 
iervation: 

The  meridian  diftance  of  the  fun's  neareft  Umb  from  South.  North. 

the  horizon  of  the  fea  _  78**  36^  30*^  =  ioi<>  i  '20*' 

Refradlion  per  table  — -  —        —    011=+    on 


Diftances  cort.  for  refra£Uon 
Error  of  the  fextant  -— 

Sua*8  fiemi-diameter 

Half  difierence  or  the  dip  found 


Altitude  reduced 
Zenith  diftance 


=78  36  19 

=  loi  I  31 

+  I  3^ 
+  IS  58 

+  ?5  58 

78  53  49 
—  6  25 

loi  19  f 
78  53  49 

=  78  47  24 

=  11  12  36 

180  12  50 
180 

DifF.    12  50 

The  fun's  declination  Vl^  ■  — —     =  4  32  30    Half  =  6  25 

«  Dip. 

Latitude  of  the  (hip  N*  ——     =15  45  06 

I  regret  that  I  cannot  in  this  paper  infert  the  dip  which  I  have  found  in  my  obferva- 
tions ;  for  I  only  retained  the  btitude  of  the  (hip  determined  thereby  as  is  ufual  at  fea.  I 
generally  rejected  the  error  of  the  inftrument,  the  dip,  and  (emi-diameter,  as  diey  affe£k 
both  obfervations  with  the  fame  figns^  and  reduced  the  ob{ervation  by  the  following 
method : 

South*  North. 

Sun's  diftance  as  before  — •        78°  36' 30"      101°   i'2o'' 

Refradion  —  —      —on         4-     on 


Dif.  corr.  for  refra£Uon  — -        78  36  19        loi     i  31     101®   i'3i^ 

+  78  36  19 

Sum  179  37  50 
Sum  of  femi-diameter,  dip^  and  refrac- 
tion =  half  difiercncc  — —        +ns        180  +115 


78  47  24     Diff.    22  10    — — — ~— 

Half    II    5    xor  12  36 
90  90 

The  zenith  diftance  as  before  —    =11  1236       Zenith  dift.  =11  1236 

It  may  be  obferved^  that  neither  the  dip,  femi-diameter,  or  index  error  can  zfkSt  the 

zenith  ^ftance  of  the  fun's  centre  \  and  the  refradion  being  fmali  near  the  zenith,  the 

refult  muft  be  true,  if  the  angles  are  accurately  taken  \  and  it  is  only  neceflary  to  obfenre, 

that  when  the  fum  of  the  diftances  is  lc(8  than  i8p>  the  half  difcrence  muft  be  added  to 
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the  diftances,  as  by  the  lafl  reduf^ion.  There  is  a  dlfliculty  in  making  this  obfcrvation  when 
the  fun  paiTes  the  meridian  very  near  the  zenithj  as  the  change  in  the  azimuth  from  caft  to 
weft  is  too  quick  to  allow  fufficient  time  :  nor  can  it  be  obtained  by  the  fextant  when  the  ' 
fun  paflcs  the  meridian  more  than  30  degrees  from  the  zenith ;  for  I  never  could  adjuft  the 
back  obfeivation  of  the  Hadley's  quadrant  with  fufTicicnt  accuracy  to  be  depended  upon  ♦• 


II. 

Remarkable  EffeB  of  Terreftrial  RefroBlctt  on  a  Dtfaut  Hiadland. ExtraH  of  a  Letter 

from  AliBREW  Ellicot  to  David  RittenhOUSE^  Efq.  dated  at  Pittjburg^  Nov.  5, 
1787,  concerning  Dbfervations  made  at  Lake  Erie-f. 

V-In  the  13th  of  laft  month,  while  we  lay  on  the  banks  of  Lake  Erie,  wc  had  an  oppor* 
tunity  of  viewing  that  (ingular  phenomenon  by  feamcn  termed  looming.  It  was  preceded 
by  a  fine  aurora  borcalis  on  the  evening  of  the  12th.  The  T3th  was  cloudy,  but  without 
rain.  About  10  o'clock  in  the  morning,  as  I  was  walking  on  the  beach,  I  difcovered 
fomething  that  had  the  appearance  of  land  in  the  diredtion  of  Prefqu'ille;  about  noon  it 
became  more  confpicuous,  and  when  viewed  by  a  good  achromatic  telefcope,  the  branches 
of  the  trees  could  be  plainly  difcovered.  From  three  o'clock  in  the  afternoon  till  dark,  the 
whole  peninfula  was  confiderably  elevated  above  the  horizon,  and  viewed  by  all  our  coni« 
pany  with  admiration.  There  was  a  fingular  appearance  attending  this  phenomenon,  which 
I  do  not  remember  to  have  feen  taken  notice  of  by  any  writer.  The  peninfula  was  fre-^ 
quently  feen  double,  or  rather  two  fimilar  peninfulas,  one  above  .the  other,  with  an  ap- 
pearance of  water  between.  The  feparation  and  coincidence' was  very  frequent,  and  not 
unlike  that  obferved  in  (hifting  the  index  of  an  adjufted  Godfrey's  quadrant.  As  fingular 
as  this  may  appear^  it  is  not  more  fo  than  the  double  refradlion  produced  by  the  Iceland 
cryftal.  The  next  morning  Prefqu'ifle  was  again  invifible,  and  remained  fo  during  our  (lay 
at  that  pofition.     Prefqu'ifle  was  about  25  miles  diftant ;  its  Stuation  very  low. 

The  fame  evening  the  wind  began  to  blow  brilkly  from  about  two  points  weft  of  northj 

•  The  optical  phenomena  which  relate  to  the  conftitntion  of  ihc  atmofpherc  have  not  yet  been  mucli  invcfli- 
£atcd.  From  the  l)aromctrical  admcafurcmcnt  of  heights,  as  well  as  from  experiments  with  the  macrometer, or 
marine  barometer  of  Hallcy  (Roy,  in  Phil.  Tranf.  Vol.  LXVII.),  «t  is  afccrtained  that  air  abounding  with 
humidity  is  more  expanfiblc  by  heat,  and  Icfs  denfe  at  like  temperatures  than  air  which  is  more  diy.  And 
from  Sir  Ifaac  Newton's  tabic,  the  refra6live  power  of  air,  in  refpeft  to  its  denfity,  compared  with  that  of 
•water  in  the  fame  refpcft,  is  at  4160  to  7^45  (Optics,  Part  III.  Prop.  10. )•  Thefe  and  other  fafts  Ihew  that 
the  rays  of  light  mull  be  variouHy  affc6lcd,  according  to  the  nature  and  circumftanccs  of  evaporation,  condenfa- 
tion,  and  other  procefles  carried  on  in  the  air,  and  particularly  near  the  furfacc  of  water.  1  hat  a  lighter  and 
left  refra6livc  ftratum  of  air  nrv^y  thus  be  generated  near  the  furface  of  the  fca  to  a  confiderable  elevation,  and  re- 
main  for  a  time  in  equilibrio  without  afcending,  is  highly  probable  ;  and  in  this  cafe,  whenever  the  'quiefcent 
ftatc  is  from  local  or  temporary  circumftanccs  deftroyed,  it  fccms  a  natural  conf-qucncc,  that  fudden  and  irre- 
gular currents  of  the  lower  air,  and  defcending  blafts  of  the  upper,  may  occafion  all  the  ftrange  cflTedts  of  the 
typhon  and  other  phenomena,  not  well  defcribcd  in  that  intcrtfting  tropical  combination  of  fca  and  land  to  the 
caftward  of  Sumatra  and  Malacca.  The  Mediterranean  Sea  nffords  fimilar  appearances,  particularly  the  aAo- 
nifliing  fpcara  in  the  Strait  of  Reggio,  defcribcd  by  Kircher,  Minazi,  and  others,  called  Fata  Morgana,  of  which 
J  purpofe  fliortly  to  give  an  account,  with  an  engraving.     N. 
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mnd  continued  to  increafe  till  the  evening  of  the  14th,  when  it  was  more  violent  than  any 
thing  of  the  kind  I  had  ever  been  witnefs  to  before,  and  continued  till  the  evening  of  the 
16th,  without  the  lead  intermiflion.  Our  tents  were  all  blown  down,  and  we  were  under 
the  necedity  of  fortifying  our  camp  by  driving  pods  near  to  each  other  firmly  into  the 
ground  on  the  windward  fide,  and  filling  up  the  vacuities  with  buflies  in  the  form  of  an 
Ibedge.  During  the  continuance  of  this  wind  we  frequently  obferved  fmall  black  clouds 
hanging  over  the  lake  :  they  had  but  little  velocity,  and  were  fometimcs  cxhaufted,  and  dif- 
•ppeared  without  reaching  the  (hore. 

From  the  large  bodies  of  timber  blown  down  about  the  lakes,  it  appears  that  hurricanes 
are  not  uncommon.  Coze  obferves  in  his  Travels  through  Ruflia,  that  the  lakes  in  that 
<:ouncry  are  fobjeft  to  terrible  dorms. 


111. 

ExtraB  of  a  Memoir  of  M.  BENEDICT  PjiEFOSTj  of  Geneva^  on  the  Emanations  of  Odorant 

Bodies.     By  Citizen  FoURCROT*. 
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lITIZEN  Due  la  Chapelle,  Dire£tor  of  the  Society  of  the  Sciences  and  Arts  at  Mont- 
ftuban,  in  the  department  of  Lot,  has  forwarded  to  the  Fird  Clafs  of  the  Inditute,  in  the 
name  of  the  Society,  a  Memoir  of  M.  Benedid  Prevod,  of  Geneva,  concerning  various  means 
of  rendering  the  emanations  of  odorant  bodies  perceptible  to  iheftghu  The  Fird  Clafs  of  the  In- 
ditute heard  the  reading  with  great  intered  at  its  fitting  of  the  i6thPluviofe,  in  the  year  5. 

The  following  are  the  fa£ls  configned  in  this  Memoir : 

I .  A  concrete  odorant  fubdance,  laid  upon  a  wet  glafs,  or  broad  (aucer,  covered  with  a 
thin  dratum  of  water,  immediately  caufes  the  water  to  recede,  fo  as  to  form  a  fpace  of 
feveral  inches  around  it. 

a.  Fragments  of  concrete  odorant  matter,  or  fmall  morfels  of  paper  or  cork,  impregnated 
with  an  odorant  liquor,  and  wiped,  being  placed  on  the  furface  of  water,  are  imme- 
diately moved  by  a  very  fwift  rotation.  Romieu  had  made  this  obfervation  on  camphor^ 
and  ^rroneoufly  attributed  the  effed  to  elec^icity.  The  motion  was  perceptible  even  in 
pieces  of  camphor  of  feven  or  eight  gros. 

3.  An  odorant  liquor  being  poured  on  the  water  dops  the  motion  till  it  is  diffipated  by 
evaporation.  Fixed  oil  arreds  the  motion  for  a  much  longer  time,  and  until  the  pellicle 
it  forms  on  the  water  is  taken  off. 

4.  When  the  furface  of  the  water  is  cleaned  by  a  leaf  of  metal,  of  paper,  or  of  glafs, 
plunged  in  and  withdrawn  fucceflively  until  the  pellicle  is  removed,  the  gyratory  motion 
is  renewed.  If  a  piece  of  red  wax  or  of  taper  be  dipped  in  water,  and  the  drops  (haken 
off  into  a  glafs  of  water  containing  odorant  bodies  in  motion,  the  movement  will  be  dopped. 
The  fame  effe£l  is  not  produced  by  metal. 

5»  An  atmofpbere  of  eladic  fluid  is  formed  round  odorant  fubdances,  and  is  the  caufc 
of  the  effects  here  defcribed. 

6.  A  raorfel  of  camphor  plunged  to  the  depth  of  three  or  four  lines  in  water,  without 
floating,  excites  a  movement  of  trepidation  in  the  furrounding  water,  which  repels  fmall 

*  Aanalesde  Chimie,  XXr.  254— TraAllatlon.    N. 
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bodks  in  its  Ticinity^  and  carries  them  again  to.  the  oami^or  by  ftaits  The  author  con* 
dudes  that  an  elaftic  fluid  efcapes  from  thb  odorant  body  in  the  manner  of  the  fire  of  a. 
fuCee>  or  the  difeharge  of  fire*arms. 

7*  When  there  is  a  certain  proportion  between  the  height  of  the  watier  and  that  of 
the  finall  fn^ment  of  camphor,  the  water  is  Brifldy  driven  off,  returns  again  to  the  cam- 
phor, and  again  retireSf  as  if  by  an  explofion^  the  recoil  of  which  often  caufcs  the  camphor  ' 
to  make  part  of  a  revolution  on  its  axis. 

8.  Fragments  of  camphor  of  the  fize  of  a  pea,  floated  upon  water  in  a  diffi  of  metallic 
leaf  four  or  five  lines  in  diameter,  communicated  motion  to  thefe  di(hes,  though  lefii 
fwift  than  was  exhibited  by  the  camphor  alone.  If  the  glads  in  which  this  experiment  it: 
made  be  nearly  filled  with  water,  and  covered  by  a  (plain)  g)afs  which  mtercepis-  tbc- 
conta£t  of  the  air,  the  motion  decays  and  ceafes. 

9.  Camphor  alone  moves  more  rapidly  than  when  it  is  placed  upon  die  metallic  plate; 
The  author  infers  that  the  immediate  conta£t  of  the  water  favours  the  difengagement  of 
the  fluid  which  produces  the  motion^ 

io»  Camphor  evaporates  thirty  or  forty  times  more  Ipeedily  when;  placed  upon  water». 
than  when  entirely  furrounded  with  air. 

If.  Camphor,  during  die  a£l  of  diilipation  in  the  air,  preferves  its  form  and  its  opabe- 
wfaitenefs  ;  upon  water  it  is  rounded,  and  becomes  tranfparent,  as  if  it  had  undergone  ^. 
kind  of  ftrfibn.  It  may  be  inferred  that  it  arife»  fronv  the  acquired  modon,  which>  catufes  it 
to  prefent  a  greater  fur£u:e  to  the  air. 

12.  In  fad,  out  of  12  equal  fmall  pieces  of  camphor,  (Tx  being  fiifpendbd.  under  sis 
glafs  with  quick-lime>  and  very  dry,,  and  fix  others  being  fufpended  in  a  moiftened  glafs^ 
together  with  a  wet  fponge,  the  volatilization  was  alike*  in.  each ;  and  the  water  in  thi»: 
cafe  not  touching  die  camphor  did  not  appear  to  contribute  to  the  effedl. 

13.  It  is  necei&ry  for  this  purpofe  that  the  water  ihould  dire£lly  touch  the  cam|Aor. 
Accordingly,  fragments  of  camphor  placed  on  blotting-paper  continually  wetted,  are  dilE^ 
pated  with  the  fame  fpeed,  and  become  equally  tranfparent,  as  when  a<^ually  placed  on 
water>  though  they  exhibit  no  motion. 

14.  When  fmall  pieces  of  camphor  are  plunged  in  water,  the  camphor  becomes  rounded^ 
and  tranfparent,  does  not  acquire  any  motion,  and  its  diffipation  is  lefs  perceptible  than  in^ 
tfaie  air.  The  concurrence  of  air  and  water  is  -therefore  neceflary  to  dlfengage  the  fluid; 
which  is  the  caufe  of  the  motion  and  total  diffipation  of  odorant  bodies. 

15.  The  motion  of  odorant  bodies  upon  water  decays  and  ceafes  fpontaneoufly  at  the 
end  of  a  certain  time ;  becaufe,  the  water  having  then  coiitraSed  a  ftrong  fmell,  the 
voladlization  takes  place  in  all  the  points  of  its  furface ;  and  the  fmall  mafs  being  thus  fur* 
rounded  by  the  odorant  fluid,  which  is  no  longer  a;r,  diflblvcs,  as  in  the  ordinary  odorant 
fluids,  without  forming  the  gafeous  jet  which  is  the  caufe  of  the  motion.  The  author 
compares  the  volatilization  of  the  aromatic  fubftance  to  a  combufticii  excited  by  water. 

In  this  phee  the  author  dwells  for  a  (hort  dme  on  the  phenomena  he  had  defcribed. 
He  obferves  that  thefe  effedis  may  be  rendered  palpable  by  touching  the  furCsice  of  the 
water  on  which  the  odorant  fubftances  move,  with  a  pin  dipped  in  oil.  At  the  very  inftant, 
t{nick  as  lightning,  thefe  particles,  as  if  ftruck,  ceafe  to  move.  A  coloured  pellicle,  formed 
by  the  oil^  is  feea  on  the  furface  of  the  water.    The  water  penetrates  the  pores  of  the  oil, 

like 
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-like  thofe  of  the  camphor,  and  difengages  a  fluid  which  prevents  the  water  from  pene- 
trating the  odorant  fubftance.  The  motion  ceafes^  becaufe  this  fubftance  ia  then  plunged 
in  a  fluid  formed  by  the  oili  which  fluid  is  not  ain 

1 6.  AM  bodies  which  are  not  odorant  prefentj  when  hot^  the  fame  phenomena  as  odorant 
bodies.  In  fad,  the  heat  gives  theni  a  degree  of  fmeU.  To  this  phenomenon  our  author 
refers  the  bubbles  and  the  motion,  which  are  feen  when  an  ignited  piece  of  money  is  thrown 
into  water.  The  elaftic  fluid  is  according  to  him  the  cak>ric>  which  is  difengaged  in  pro* 
portion  as  the  water  penetrates  the  pores  of  the  metal.  It  is  heverthelefs  much  more 
Cmple  to  attribute  this  phenomenon  to  the  water  converted  into  vapour  round  the  ignited 
mctali  and  fometimes  to  hydrogene  gas,  when  the  metal  is  capable  of  decompofing  water, 
efpeciaUy  at  this  temperature. 

After  the  explanation  of  thefe  experimentSi  Mr.  Frevoft  hopes  with  reafon  that  they  will 
contribute  to  the  theory  of  odours^  which  fo  nearly  refembles  that  of  the  gafes.  He  does 
not  flatter  himfelf  with  having  exhaufted  this  fubjeA,  but  conGders  his  difcoveries  as  the 
tneans  of  rendering  odour  perceptible  by  water  not  only  to  the  iight  but  even  to  the  touchy 
4is  are  likewife  the  vibrations  of  fonorous  bodies.  Men  deprived  of  the  fcnfe  of  fmell,  and 
even  the  blind,  according  to  him,  may  in  this  manner  didinguiOi  odorant  bodies  from  thcfe 
which  have  no  fmelL  '^  Perhaps,"  fays  he,  *'  this  kind  of  odorofcopc  may,  by  improve- 
ment, become  an  odorimeter.  The  exceptions,  fuch  for  example  as  that  of  the  cerumen 
of  the  ears,  which  produces  much  tStd  on  water  without  being  perceptibly  odorant,  and 
that  of  the  fingers  when  hot  or  moift,  are  merely  apparent  \  for,  if  ouf  fenfesdo  not  in  thofe 
cafes  difcover  odour*  thofe  of  animals  more  powerfaHy  energetic,  fuch  as  the  dog,  perceive 
and  diftinguifii  individusds  by  its  peculiar,  chara^er.  The  odorofcope  may  afibrd  the  in- 
formation which  is  wanting  refpedling  thefe  effluvia.  Thus  it  is  that  the  fat  of  game,  the 
fmell  of  which  is  nearly  to  us  imperceptible,  is  very  much  fo  to  dogs,  and  exhibits  fenfible 
marks  by  the  odorofcope." 

Mr.  Prevoft,  who  profefles  much  brevity  in  this  memoir,  affirm6»  that  water  placed  on 
the  odorant  Kquor,  iniiead  of  (his  laft  being  put  upon  the  water,  afibrds  a  phenomenon 
<oafiderabiy  interefting,  but  which  he  has  not  defcribed.  A  fpeedy  commumcation  of  the 
seft  of  this  interefting  work  is  much  to  be  deCred. 

We  (hall  not  in  this  place  explain  the  manner  in  which  it  appears  neceflary  to  conCder 
the  principle  of  fmell,  which  no  longer  appears  to  us  proper  ta  be  regarded  as  a  peculiar 
matter,  and  one  of  the  inimediate  materials  of  vegetables,  always  identical,  and  enjoying  die 
£une  properties.  We  (hall  have  occafion  in  future  to  enter  more  fully  idto  this  fubjedf 
and  perhaps  to  re£tify  the  notions  which  have  hitherto  been  formed  concerning  the  fpi- 
ritus  redor  or  aroma  of  plants.  We  (hall  content  oUrfelvea  with  obferving,  that  the 
phenomena  defcribed  with  clearnefs  and  precifion  by  Mr.  Prevoft,  as  well  as  the  theory  he 
has  given,  are  referable  to  the  attra£lion  of  the  odorant  matter  in  the  ma(s  for  air  and  water, 
juui  t^c  foltttion  which  takes  place  in  one  or  the  other,  or  in  both  at  the  fame  time. 
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jl  Aletbod  of  meafuring  the  Force  of  an  EUSirical  Battery  during  the  Time  of  its  being  chargeeL 
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rET  the  battery  be  infulated  ;  and  at  a  fmaH  diftance  from  it  place  an  uninfulated  dec* 
trical  jar ;  alfo  near  to  the  jar  place  one  of  Mr.  Cuthbertfon's  eleflrometers. 

The  eleflrometer  being  adjufted  according  to  the  degree  of  force  which  is  intended  to  be 
employed  as  a  meafure  of  force  to  be  communicated  to  the  battery,  conne£t  the  eledbro* 
meter  with  the  jar ;  make  a  metallic  communication  between  the  interior  fide  of  the  jar 
and  the  exterior  fide  of  the  battery,  and  conneft  the  interior  fide  of  the  battery  with  the- 
conductor  of  an  ele£lrical  machine. 

Then,  by  the  operation  of  the  eledlrical  machine,  the  battery  receives  a  quantity  of  the 
clcftrical  fluid,  and  becomes  charged.  The  fluid  which  departs  from  the  exterior  fide  of 
the  battery,  is  received  by  the  eleflrical  jar,  which  alfo  becomes  charged ;  but  this  jar,  being 
connefted  with  the  ele£trometer,  explodes  as  foon  as  it  acquires  a  force  fuiEcient  to  put  the 
cleftrometer  into  motion. 

Now,  the  quantity  of  the  eledlrical  fluid  which  is  received  by  this  jar,  between  each  of 
the  expIoGons,  is  a  meafure  of  the  quantity  of  the  fluid  in  the  battery ;  and  the  number  of 
exploGons  or  difcharges  of  this  jar  fliews  the  number  of  meafures  which  the  battery  coa- 
tains,  and  confequently  the  force  which  it  is  capable  of  exerting  when  difchar^ed. 

Demonjlraiion^ 

THE  eleftrometer  remaining  under  the  fame  adjuftment  will  require  the  fame  force  t& 
put  it  in  motion :-  this  force  refults  from  the  quantity  of  eleftrical  fluid  received  by  the  jar  j 
and  fince  it  is  admitted,  that,  when  effefts  arc  the  fame,  the  caufes  of  them  muft  be  equals 
it  is  evident  that  the  quantity  of  ele£lrical  fluid  contained  in  the  jar  at  the  rime  of 
each  eatplofion  is  the  fame. 

It  is  alfo  obvious,  that  the  fum  of  alt  thefe  equal  quantities  of  the  eledrical  fluid  whiclr 
was  contained  in  the  jar  at  the  time  of  each  explofion,  is  equal  to  the  whole  quantity  con- 
tained in  the  battery  5  for,  the  battery  being  infulated,  the  jar  received  all  the  eleftrical  fluid 
which  departed  from  the  exterior  fide  of  the  battery  5  and  that  quantity  is  faid  (in  the 
theory  of  Dr.  Franklin)  to  be  equal  to  the  quantity  in  the  interior  of  the  battery. 

Therefore  it  is  manifeft  that  the  number  of  explofions  or  difcharges  of  the  elcdrical  jar, 
is  the  number  of  equal  meafures  of  the  eledlrical  fluid  which  the  battery  contains. 

But  without  putting  too  much  confidence  in  any  philofophical  theories,  the  eflfeAs  of 
this  operation  may  be  more  fatisfaftorily  (hewn  by^  the  following  experiments  i 

Experiments. 

A  PIECE  of  iron  wire,  about  0.045  inches  in  diameter,  and  about  two  inches  in  tengthj^ 
was  placed  in  the  circuit  through  which  the  difcharge  of  a  fmall  eledlrical  battery^  which 
contained  about  i\\  feet  fuperfixial  of  coated  glafs,  was  to  pafs. 

The  elcftrical  jar  employed  as  the  meafure  of  the  charge  bf  the  battery  contained 
about  90  fquare  inches  ;  and  the  adjuftment  of  the  eleftrometer  was  varied  in  each  fet  of 

*  Communicated  by  the  Author. 
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experiments,  by  changing  the  weight  applied  to  the  balance,  and'alfo  the  diftance  of  the 
difcharging  balls. 

Experiment  !• 

THE  eleflromcter  being  adjufted  with  its  leaft  weight  5  the  difcharging  balls  placed 
at  the  diftance  of  one  inch ;  and  the  other  parts  of  the  apparatus  arranged  as  before  de- 
fcribed ;  the  eledrical  machine  Was  put  in  motion,  the  battery  and  alfo  the  jar  began  to 
receive  a  charge,  as  was  fhewn  by  the  repulfion  of  a  pith-bal|  on  a  graduated  quadrant 
placed  upon  the  eleftrometer : 

1.  After  the  firft  explofion  of  the  eleArical  jar,  that  is,  after  the  battery  had  received 
one  meafure  of  the  eleftrical  fluid,  a  difcharging  rod  was  applied  to  complete  the  circuit 
in  which  the  iron  wire  was  placed  \  but,  upon  the  difcharge  of  the  battery,  no  change  of 
appearance  was  vifible  in  the  wire. 

2.  The  operation  of  the  eleftrical  machine  being  continued,  the  difcharging  rod,  after 
two  exploGons  of  the  jar,  that  is,  after  the  battery  had  received  two  meafures,  was  applied  as 
before  \  but,  upon  the  difcharge  of  the  battery,  no  change  appeared  on  the  wire. 

3.  The  battery  was  then  charged  with  three  meafures;  and  upon  difcharging  it  as 
before,  luminous  particles  of  the  wire  were  thrown  oflT.    . 

4.  The  battery,  having  received  four  meafures,  the  wire,  upon  the  difcharge^  exhibited 
nearly  the  fame  appearance  as  before. 

5.  The  battery,  having  received  five  meafures,  was  difcbarged;  the  wire  was  red-hot, 
and  feparated. 

6.  The  battery,  having  received  fix  meafures,  was  difcharged ;  the  wire  was  difperfed 
in  red-hot  globules. 

The  battery,  upon  receiving  between  nine  and  ten  meafures,  made  a  fpontaneous 
difcharge. 

Experiment  2. 

IN  the  fecond  fet  of  experiments,  the  apparatus  was  arranged  as  before,  and  the  elec- 
trometer adjufted  with  the  fame  weight,  but  the  difcharging  balls  were  placed  at  the  dif- 
tance of  two  inches.  The  refults  were,  upon  difcharging  the  battery,  after  having  received 

1  Meafure,         -        No  alteration  in  the  wire. 

2  Meafures,  -  Xiuminous  particles  throwa  oS» 

3  Meafures,  -  The  fame,  with  fmoke. 

4  Meafures,  -  Red-hot,  and  feparated. 

5  Meafures,  -  Difperfed  in  red-hot  globules. 
Between  7  and  8  Meafures,  -  A  fpontaneous  difcharge  of  the  battery^ 

Experiment  3. 

THE  apparatus  being  arranged  as  before,  the  eleftrometer  was  adjufted  with  its  greateft 
wei{^t,  and  the  difcharging-balls  placed  at  the  diftance  of  one  inch :  the  refults  were,  upon 
difchargbg  the  battery,  after  having  received 

1  Meafure,         -        No  alteration  in  the  wire. 

2  Meafures,       -        Luminous  particles  thrown  off. 

3  Meafures,       -        The  iame. 

4  Meafures, 
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4  Meafures,       -        Red-hot,  and  feparated. 
5  and  6  Meafures,       -         Red-hot,  and  difperfed  in  globules* 
Between  8  and  9  Meafures,       ^        A  fpontancous  difcharge* 

Experiment  4* 

THE  eIe£lrometer  being  adjufted  with  the  greateft  weight,  the  difcharging4>3itk  were 

placed  ^t  the  diiUnc^  of  twoixiches.    The  rerults  were : 

1  Meafure,        -  Luminous  particles  thrown  offl 

2  Meafures^       -  The  fame,  with  fmoke. 

3  Meafures^      «  Red-hot. 

4  Meafusetf       -  The  wire  was  difperfed  in  led-hot  globules* 
between  6  and  7  Meafures,       -  Jl  fpontancous  difchaige  of  the  battery* 

Experiment  5.  * 

THE  apparatus  remained  as  in  the  fourth  experiment^  with  the  addition  of  anotber  bat« 

terys  containing  1 2  feet  fuperficial  of  coated  glafs ;  and  the  iron  wire  placed  in  die  circuit 

of  the  difcharge  of  this  battery  was  about  o.o8  inches  in  diameter,  and  two  inches  in  lengtbi 

31ie  lelttlts  wsre.: 

I  Meafere,        ^       "No  alteration  in  the  wire* 

4  Meafuresj  *-  Luminous  particles  thrown  o£ 

4$  Meafures,  -  The  fame,  with  fmoke* 

8  Meafures,  •  Red-hot,  and  feparated* 

TO  Meafures,  •  Difperfed  in  red-hot  globules* 

Setween  15  and  16  Meafures^  •  Afpontanoous  diCcharge* 

■ 

Harlefftreet:  May2^9l^g^.  HENRY  HALDANE.    -. 

The  ele£brical  machine  employed  in  thefe  experiments  has  a  glafs  cylinder  of  nearly  18 
inches  in  diameter.  It  was  conftru£led  by  Mr.  Naime,  and  is  a  moft  powerful  inftrument, 
particularly  in  exhibiting  all  the  phenomena  in  which  the  negative,  or  elediridty  of  the 
rubber  is  concerned. 
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rLEMENTARY  writers  on  mechanics,  from  demonftrations  founded  on  the  leading 
property  of  the  leyer,  teach  us  that  the  adion  of  any  power  to  raife  a  weight  or  overcome 
an  obftacle  is  facilitated  by  the  incHned  plane  in  the  proportion  of  its  length  to  its  perpen- 
dicular height,  when  the  power  operates  in  the  diredlion  of  the  plane  itfelf,  or  as  the  hori- 
zontal bafcto-the  height  when  the  power  afts  in  an  horizontal  direflion.  They  alfo  Ihew, 
by  the  eafy  procels  of  applying  a  right-angled  triangle  to  the  furface  of  a  cylinder,  that  the 
thread  of  a  fcrew,  when  its  axbis  placed  in  the  perpendicular,  is  in  cflFea  an  inclined  plane, 
whofe  length  in  one  turn  is  racafured  by  the  portion  of  the  thread  itfelf,  and  height  is  the 
^ftance  between  two  contiguous  threads :  that  is  to  (ay,  it  would  be  juft  as  ea^y  to  raife  a 
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we^Kt  by  Aiding  it  along,  this  thread,  as  along  an  inclined  plane  of  the  fame  length  and 
height.  The  female  fcrew,  or  nut  containing  an  hollow  fcrew,  is  in  fa£l  a  weight  adapted 
to  this  Aiding  proceCs,  and  does  accordingly  correfpond  with  the  weight  on  the  fimilar  in- 
clined plane,  proyided  the  power  be  applied  at  the  very  thread  of  the  fcrew  \  but  if  the  ad- 
vantage of  a  lever  be  taken  to  move  the  nut,  the  refiftance  will  be  lefs  in  proportion  as  the 
radius  of  the  fcrew  is  lefs  than  the  length  of  the  lever. 

Hence  it  is  feen  that  the  fcrew  affords  a  convenient  and  powerful  application  of  the  in- 
clined plane  to  mechanical  purpofes.  To  compute  its  effe£b,  whether  a  lever  be  ufed  or  not, 
is  equally  (imple  y  for  the  power,  wherever  it  be  applied,  is  dire£led  in  a  plane  at  right 
angles  to  the  axis  of  motion  ;  and  the  agent  itfelf  defcribes  the  thread  of  a  fcrew  conftantly 
xifing  through  the  fame  quantity  in  each  turn.  The  proportion  of  the  power  to  the 
weight,  will  therefore  be  as  the  diftance  between  two  contiguous  threads  to  the  circum- 
ference of  the  cylinder  in  which  the  power  moves.  Or  in  the  form  of  a  rule.  Multiply 
the  length  of  the  lever  by  44,  and  divide  the  produ^  by  7  *,  the  quotient  will  bear  the  fame 
proportion  to  the  diftance  between  thread  and  thread  as  the  weight  does  to  the  power 
when  in  equilibrio. 

In  mixed  hydraulic  engines,,  fuch  as  water-mills,  pumps,  and  the  like,  the  ufual  addition 
allowed  to  overcome  fri<^ions,  and  give  the  velocity  of  working,  is  three-eighths  of  the 
power  in  equilibrio.  The  fcrew  requires  more  than  this,  but  the  quantity  muft  vary  ac- 
cording to  t}ie  obliquity  of  the  thread. 

The  obliquity  is  greater  the  coarfer  the  thread,  and  the  fmaller  the  diameter  of  the  ge- 
Berating  cylinder.  For  flow  and  ftrong  prefiures  a  fine  thread  is  to  be  preferred  \  but  for  a 
quick  ftroke  and  fpeedy  return,  as  in  the  printing-prefs  and  coining-engine,  the  thread  muft 
life  with  confiderable  fpeed. 

The  man  of  fcience  is  moft  particularly  interefted  m  the  confideration  of  this  mechanical 
organ,  from  the  extreme  accuracy  with  which  it  may  be  applied  in  the  meafurement  of 
lines  or  fpaces.  Thus,  for  example,  if  the  threads  of  a  fcrew  be  one-fiftieth  of  an  inch 
apart,  every  turn  in  a  fixed  nut  will  caufe  its  extremity  to  advance  or  recede  that  quantity  : 
and  if  a  graduated  circular  plate  of  one  foot  iif  diameter  be  fixed  to  the  other  extremity, 
the  parts  of  each  turn  maybe  afcertained.  One  quarter  of  a  degree,  or  the  1440th  part, 
on  fuch  a  circle,  will  be  a  very  conveniently  vifible  divifion,  and  will  correfpond  with  the 
1440th  part  of  one*fiftieth  of  an  inch,  which  is  lefs  than  the  feventy-thoufandth  part  of 
an  inch. 

A  queftion  of  no  finall  importance  immediately  prefents  itfelf  on  this  occafion.  Does  the 
praAice  juftify  this  theoretical  conclufion?  or,  in  other  ^ords.  Do  not  the  irregularities 
of  worknanfhip  (hew  themfelves  to  be  much  greater  than  ^the  quantities  here  attempted  to 
be  meafiired  }  The  (blution,  which  will  iliew  the  true  value  of  the  meafuring  fcrew,  muft  be 
deduced  from  experiment. 

The  moft  obvious  method  of  forming  a  fcrew  confifts  in  tracing  helical  lines  upofki  the 
furface  of  a  cylinder,  and  filing  or  cutting  away  the  part  between  the  intended  threads. 
In  this  way  fome  large  fcrews  are  a£lually  made ;  but  it  is  immediately  perceived  on  reflect 
tion,  that  the  original  tracing  is  fubje£l  to  all  the  inaccuracies  of  divifion  by  hand;  to  which 
muft  alfo  be  added  the  ftill  greater  errors  of  filing  or  cutting.  By  this  procefs  alone  it 
would  be  impracticable  to  make  a  fcrew  even  of  moderate  corre£ine(s« 

If 
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If  a  number  of  deep  marks,  fuch  as  c  d,  be  cut  obliquely  acrofs  the  thread  with  a  thrce- 
fquare  file,  in  a  ftcel  fcrew  AB  Figure  i.  Plate  IX.  of  the  kind  here  defcribedi  and  the 
fcrew  be  then  hardened,  and  tempered  to  the  pale  ftraw-colour,  it  may  be  ufed  to  form  the 
inftrument  Fig.  2.  called  a  fcrew-tool.  For  the  fcrew-tool  being  rendered  quite  foft  by  an* 
nealing,  and  fixed  in  a  proper  handle,  will  be  cut  into  teeth  by  preflingthe  end  A  againft  the 
fcrew  Afi  Fig.  i,  while  turning  in  the  lathe.  It  is  fcarcely  neceflary  to  fay  that  the  fcrew* 
tool  will  be  fupported  by  the  Reft,  and  that  oil  or  tallow  mud  be  ufed  to  prevent  the  work 
from  heating. 

It  is  evident  that  the  fcrew-tool  will  be  much  more  regular  than  the  fcrew  it  was  made 
from  ;  becaufe  all  the  irregularities  of  the  fcrew  will  pafs  in  fucceffion  through  each  of  its 
,  teeth.  If  the  fcrew  therefore  be  now  foftened,  and  the  fcrew-tool  hardened  and  tempered 
to  ftraw-colour,  and  ^^hetted  on  the  upper  face,  the  former  operation  in  theiathe  may  be 
repeated  j  but  with  this  difference,  that  the  fcrew-tool  will  now  cut  the  fcrew,  and  render 
it  ft  ill  more  regular,  for  the  reafon  juft  mentioned.  After  this  reAification,  it  is  ufual  to 
deepen  the  groove  between  the  threads  by  applying  an  acute  angled  file  or  tool  to  the  fcrew 
while  turning.  ' 

The  procefs  of  reSification  naturally  fuggefts  an  improvement  in  the  order  of  working. 
It  is  certainly  much  more  eafy  to  make  a  regular  fcrew-tool  by  hand  than  a  fcrew  ;  more 
efpecially  when  the  thread  is  fine.  Suppofe  Fig.  2.  to  be  fuch  a  fcrew-tool,  and  the  fcrew 
part  of  AB  Fig.  i.  to  be  merely  cylindrical,  if  the  hard  fcrew-tool  be  then  fteadily  applied 
againft  the  foft  cylinder  while  turning  in  the  lathe,  it  will  cut  a  number  of  equidiftant  cir- 
cular grooves ;  but  if,  inftead  of  being  held  in  one  place,  the  tool  be  regularly  moved  along  • 
the  reft,  the  grooves  will  be  helical;  and  the  fucceeding  teeth,  falling  into  the  ma'rks  made  by 
thofe  which  went  before,  will  render  the  threads  equidiilant,  and  tend  to  produce  more  and 
more  of  regularity.  Such  a  fcrew  may  neverthclefs  vary  in  the  obliquity  of  its  threads  on 
different  fides,  and  this  imperfection  will  be  very  little  amended  by  continuing  the  aAion  of 
the  fcrew-tool.  It  would  require  too  long  a  detail  to  ftate  the  manipulations  by  which 
workmen  acquire  the  facility  of  making  fcrews  in  this  way  with  con fiderable  regularity;  and 
it  is  befides  probable  that  they  would  occur  Co  any  ingenious  beginner  as  he  proceeds. 

Whether  the  tap  (which  is  the  name  given  to  a  fcrew  referved  for  making  or  tapping 
female  fcrews)  be  made  and  reftified  in  this  or  the  other  way,  the  next  ordinary  ftep 
is  to  tap  a  pair  of  dies.  Figure  5.  Plate  IX.  reprefents  a  die  for  making  fcrews.  Its 
thicknefs  is  fliewn  in  Fig.  6;  and  in  Fig.  3.  a  pair  of  fuch  dies  are  feen  properly  difpofed  in 
the  frame  ABCD,  called  a  ftock.  The  thicknefs  of  the  ftock  is  precifely  equal  to  that  of 
the  dies,  which  are  well  fitted  to  Aide  in  the  opening  GHIK.  On  the  lower  fide  of  the 
ftock,  as  it  now  lies,  is  fixed,  by  rivets  or  fcrews,  a  flat  plate  of  the  dimenfions  of  Fig.  4, 
the  width  of  the  opening  PPPP  being  fomewhat  lefs  than  that  of  GHIK  Fig.  3.  It  there- 
fore affords  a  fupport  to  prevent  the  dies  from  falling  through ;  and  the  plate  Fig.  4.  being 
applied  on  the  upper  fide  of  the  ftock  ferves  effeflually  to  prevent  any  motion  whatever  in 
the  dies,  except  the  direft  approach  or  recefs  with  regard  to  each  other  by  means  of  the 
fcrews  EF.  The  top  plate  is  fecured  by  four  fcrews  LLLL,  which  pafs  through  holes  of 
the  Figure  reprefented  in  the  fketch.  The  convenience  of  thefe  holes  is,  that  the  plate 
may  be  taken  off  to  change  the  dies  without  aftually  drawing  the  four  fcrews.  A  variety 
of  fafliions  prevail  in  tte  form  of  ftocks,  which  are  fuppofed  to  have  their  refpeftivc  advan- 
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tagcs.  Steadinefs,  accurate  fitting,  and  a  regular  fair  a£lion  of  the  end  prefTurCi  are  the  ef- 
fential  requifites  of  a  good  (lock.  The  drawing  here  given  is  one  of  the  mod  fimple. 
When  it  is  ufed  for  ftrong  work,  the  (lock  is  fixed  in  a  piece  of  wood  terminating  in  a 
bandle  on  each  fide. 

Suppofe  the  dies  NN  Fig.  3.  to  be  foft;  and  a  notch  A  Fig.  5,  of  about  Gxty  degrees  of  the 
circumference  of  the  tap  E  Fig.  i,  not  reckoning  the  chicknefs  of  the  thread,  filed  in  each.  Let' 
them  be  placed  in  the  (lock,  two  pieces  of  brafs  OO  being  put  in  to  defend  them  againft  the 
thumb-fcrews,  and  the  whole  fecured  by  the  face  plate.  Tl|c  dies  are  then  ready  for  tapping. 
The  hardened  tap  AB  mud  be  fixed  in  the  vice,  with  its  end  B  uppermod,  and  the  dies  be  then 
made  to  bite  gently  upon  its  fcrew.  When  the  flock  in  this  fituation  (the  cutting  parts  being 
previoufly  well  oiled)  is  moved  backwards  and  forwards  on  the  axis  of  the  fcrew,  the  tap 
cuts  an  hollow  thread  in  the  dies,  which  becomes  deeper  and  deeper  as  the  fcrews  E  and  F 
are  driven  inwards.  The  dies  mud  be  taken  out  and  examined  from  time  to  time  during  the 
procefs,  which  is  to  be  continued  until  the  thread  is  found  to  be  as  deep  and  perfe£l  as  may 
be  expefled.  A  notch  C  Fig.  6.  is  then  to  be  filed  in  the  bottom  of  the  thread,  the  dies 
hardened  and  tempered,  and  the  face  A  Fig.  5.  whetted  on  the  Turkey  hone.  The  dies 
are  in  this  date  ready  for  tapping  other  fcrews. 

For  the  fame  reafon  why  an  irregular  fcrew  will  cut  a  more  regular  fcrew  tool  (Fig.  2.),  it 
happens  that  the  female  fcrew  is  more  regular  than  the  male.  The  dies  will  therefore 
re£tify  the  tap  to  a  dill  greater  degree  of  accuracy  ;  and  this  tap,  if  thought  neceflary,  may 
be  again  ufed  to  rectify  the  dies. 

Excellent  Ihort  fcrews  have  been  made  by  very  flow  and  careful  tapping  with  new  (harp 
4ies.    The  principal  fources  of  error  in  this  procefs  are  the  following : 

1.  The  dop  from  change  of  hands  produces  a  wave  in  the  thread.     This  is  frequently 

perceptible,  to  the  eye,  and  maybe  partly  remedied  by  the  workman  walking  round  his 
work,  or  frequently  (hifting  the  (crew  in  the  vice. 

2.  Pre(rure  in  the  direflion  of  the  axis,  by  one  hand  more  than  the  other,  occafions  a 
periodical  change  in  the  obliquity  of  the  thread,  and  the  fcrew  is  what  the  workmen  call 
drunk.    It  is  difficult  to  avoid  this  error  when  the  fcrew  is  very  (hort,  or  the  dies  thin. 

Mechanical  means  have  been  ufed  to  remove  thefe  t^'o  fources-of  error,  by  fixing  the  dock, 
and  confining  the  tap  to  move  by  a  regular  rotation  in  the  direction  of  its  own  axis. 

3.  Since  the  corners  of  the  dies  cut  fird,  there  will  be  little  difpofition  in  the  fird  ftrokes 
to  form  the  required  fcrew.  If  the  operation  be  not  favoured  by  preflTurc  in  the  dire£iion 
of  the  axis,  the  dies  will  follow  accidental  irregularities  of  the  furface  or  of  the  material  \ 
and  as  probably  cut  circular  rings,  or  a  left-handed  fcrew,  as  the  right-handed  fcrew  fup- 
pofed  to'he  in  the  dies.  In  thefe  circumdances,  therefore,  the  thread  frequently  proves 
undulated^  with  very  little  rife  in  the  run  of  each  comer  of  the  die,  until  it  fuddenly  falls 
into  the  cut  made  by  the  corner  it  follows.  Each  turn  confids  accordingly  of  four  waves, 
which  are  amended  as  the  dies  fink  deeper,  and  are  led  by  their  own  flope.  In  cxtrenje 
ftriftnefs  it  may  be  quedioned  whether  a  tapped  fcrew  be  ever  begun  without  this  irregu- 
larity, or  perfeftly  corre£ted  by  the  fubfequent  operation.  ^ 

4.  If  the  dies  be  not  well  fitted  in  the  (lock,  or  the  material  to  be  cut  be  veiny  or  un- 
equally hard,  they  will  recede  from  the  hard  parts,  and  produce  an  irregular  thread.  Long 
iies  are  lead  fubjed  to  this  imperfection. 
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5*  The  opp^te  extremet  of  the  thread  in  the  diet  incline  to  wards  different  regions,  ami 
therefore  in  efftSt  crofs  each  other.  For  this  reafon,  it  is  impoflible  for  two  dies  to  be  roadt 
to  approach  each  other  in  the  diredion  of  the  thread.  In  fad)  they  appro9ch  in  a  plane  at 
right  angles  to  the  axis.  This  is  the  circumftance  which  limits  the  diameter  and  the 
depth  and  inclination  of  the  cut,  beyond  which  dies  cannot  operate.  Hence  alfo  it  is,  that 
a  true  flat-thread  fcrew  cannot  be  cut  in  dies,  and  a  many-threaded  fcrew,  or  fcrew  of  great 
obliquity,  can  only  be  cut  in  the  common  ftock  by  two  or  three  pair  of  dies  in  fucceffioa. 

6.  As  it  is  certain  that  a  pair  of  well  fitted  dies  can  never  run  both  along  the  fame  ftrbkt 
till  perfedly  home  to  their  natural  place  of  coincidence,  the  cut  made  by  one  die  will  tend 
to  draw  the  other  along  the  cylinder.  So  that  while  one  die  cots  the  upper  fide  of  the 
thread,  the  other  die  will  cut  the  oppofite  or  under  fide.  In  this  crofs  adton^  the  frame  an4 
the  dies  themfelves  will  yield  from  elafticity,  and  that  the  n^ore  where  the  material  is  the 
hardeft,  or  the  work  forced.  Hence  with  a  like  prefiiire  the  foft  fide  will  have  the 
ivideft  cut,  and  be  fooneft  cut  down,  and  the  fides  of  the  thread  will  be  waving.  This 
feems  to  be  the  chief  reafon  why  tapping  a  fcrew  renders  it  lefs  ftraight  and  round  than 
before. 

7.  The  dies  operate,  rather  in  confequence  of  the  force  of  preffure  by  means  of  the  fcrews 
of  the  ftock  than  by  the  effed  of  their  edge.  This  force  muft  not  only  be  produ£live  of 
an  oval  figure  and  other  irregularities,  from  the  uncertain  fpring  and  yielding  of  the  in- 
ftrument  and  material,  but  muft  probably  occafion  a  change,  of  the  nature  of  lamination  or 
hammering.  Whenever  this  laft  event  happens  the  thread  will  be  thinner,  the  cut  wider, 
and  the  fcrew  itfelf  coarfer  than  it  would  otherwife  have  been.  I  have  three  flat-thread 
fteel  fcrews,  each  11  inches  long,  0.6  in.  outGde  diameter,  and  depth  of  thread  near  o»i 
inch.  They  were  tapped  in  dies  0.9  inch  deep  produced  by  an  original  tap  containing  13 
threads  in  i  .4  inch.  The  motion  was  flow  and  uniform  between  the  centres  of  a  kind  of  lathe 
conftru£ted  for  the  purpofe.  None  of  the  fcrews  are  of  the  fame  uniform  finenefs  from 
end  to  end.  One  fcrew  is  fcarcely  coarfer  than  the  original  tap ;  another  is  half  a  thread 
coarfer  in  102  threads,  or  1 1  inches  j  and  the  third  is  a  whole  thread  coarfer  in  the  (ame 
quantity.  Thefe  differences  feemed  to  arife  from  the  diflFerent  degrees  of  fofinefs  in  the 
fteel ;  the  laft  having  been  more  annealed  than  the  fecond,  and  the  firft  not  at  all. 

Hence  is  deduced  the  important  concluGon,  that  however  we  may  by  mechanical  expe- 
dients diminilh  the  irregularities,  of  obliquity  and  diftance  of  contiguous  threads,  in  a  tapped 
fcrew,  yet  in  fcrews  of  feveral  inches  long  there  is  an  irregularity  growing  out  of  the  na* 
ture  of  the  materials,  which  does  not  appear  to  admit  of  any  other  remedy  in  this  method 
than  extreme  care  and  flownefs  of  working. 

The  regular  inclination  of  a  fliort  tapped  fcrew  of  about  forty  threads  in  the  inch,  was 
found,  by  experiments  at  the  end  of  a  very  (hort  lever  or  radius  fet  by  a  fpirit- level,  to  be 
difcemible  in  much  lefs  quantities  than  the  hundred  thoufandth  part  of  an  inch.' 

Since  all  thefe  fources  of  irregularity  in  tapping  would  be  much  diminiftied  by  in- 
creafing  the  number  of  dies,  I  have  noted  among  my  Agenda  a  ftock  with  four  pais  of 
dies  afting  at  once  with  eight  edges.  In  thefe  the  error  of  obliquity  in  coming  up,  as  re- 
marked in  the  numbered  paragraph  5,  and  of  the  firft  run  (paragraph  3.)  are  incomparably 
lisfs  than  in  a  Cngle  pair  of  dies.  As  I  have  not  yet  made  it  up,  and  every  new  inftrument 
is  likely  to  be  altered  and  Amplified  during  the  a^ual  conftrufUon,  I  fbaii  not  particularly 

ftate 


Stock  fir  ufingfiur  Pair  tf  Dies  4f  once.  1O3 

ftate  either  the  dimenfions^  or  fuch  circumftances  as  are  necefiary  to  infure  the  truth  of 
workmanfhip* 

Fig.  7.  Plite  IX.  reprefents  a  dock  containing  eight  dies.  HHHH'  reprefent»  a  brafs 
Ting  with  parallel  faces^  It  is  perforated  ftraight  through  at  the  circle  DDD.  Upon  a 
plate  of  brafs  of  the  fame  diameter  as  the  ring,  are  fixed  the  eight  pieces  marked  with  the 
letter  A,  which  afford  groores  for  eight  dies  marked  B  to  Aide  in.  When  the  brafs  plate  is 
applied  to  the  ring  H|  the  pieces  A  Mrith  the  dies  occupy  the  internal  part  of  the  ring  ex- 
cept the  central  hole  at  C ;  and  in  this  fituatioh  the  oppofite  or  upper  face  of  H  forms 
one  plane  with  the  pieces  A  and  the  dies  B.  Every  die  is  thruft  forward  when  required  by 
the  a£lion  of  a  nut  F  upon  a  fcrew  £K,  which  is  prevented  from  turning  by  the  form  of 
the  inner  end  K.  The  nuts  F  are  properly  fecured  in  the  ring  H,  fo  as  to  turn  fairly  and 
without  ftiake,  at  the  fame  time  that  they  are  fupported  againft  the  re*a6iion  of  the  dies.  A 
covering  plate  LLL  is  fcrewed  on  to  fecure  the  dies  and  nuts  in  their  places.  The  nuts  F 
jare  provided  with  equal  and  fimilar  fmall  wheelsi  which  juft  rife  above  the  plane  of  the 
Ting,  and  are  driven  by  a  contrate  wheel,  attached  to  a  fecond  covering  plate,  rather  larger 
in  diameter  than  the  ring  H.  The  edge  of  this  lad  plate  is  milled,  and  it  turns  upon  and 
is  fecured  in  its  place  by  a  central  ring  GGG  fixed  on  the  firft  covering  plate  by  three 
binding  fcrews. 

The  ufe  of  this  dock  and  dies  needs  very  little  explanation*  Suppofe  the  eight  dies  to  be 
itgularly  numbered  and  put  into  their  places ;  the  pinions  F  all  accurately  fet  with  a 
marked  tooth  uppermoft  in  each  ^  the  upper  plate  fcrewed  on,  and  the  contrate  wheel 
piece  applied  to  the  pinions  in  a  fituation  marked  by  the  coincidence  of  divifions  made  for 
that  purpofe  on  the  central  piece  G.  Imagine  the  ftock  in  this  fituation  to  be  well  fecured 
againft  the  face  of  an  upright  poppet  head,  and  another  head  at  a  proper  diftance  to  fuftain 
a  metallic  hole  lying  truly  in  the  axis  of  this  apparatus.  Let  the  finifiied  and  hardened 
tap  be  provided  with  a  cylindrical  tail  to  move  in  this  hole,  while  the  fcrew  part  is  fup- 
ported by  the  faces  of  the  eight  dies.  In  this  fituation  let  the  cap  be  gently  turned  by  a 
handle  of  Ijich  a  conftru£tioni  that  by  means  of  a  joint  near  the  ^centre,  and  another  near 
the  holding  part,  it  (hall  not  be  poffible  for  the  hand  to  exert  any  bearing  in  the  dire£lion 
of  its  axis.  By  a  careful  continuation  of  this  procefs,  ufing  oil,  and  fettlng  up  the  fyftem 
of  back  fcrews  a  very  little  at  a  time,  the  dies  will  at  length  receive  the  fcrew,- and  may  be 
rendered  perfcfl  by  the  feveral  proceflcs  of  reftification  before  mentioned. 

With  fuch  an  inftrument,  in  fkilful  hands,  I  think  the  procefs  of  tapping  might  be  fairly 
tried  in  the  conftru6iion  of  fine  meafuring  fcrews,  even  in  the  hardened  and  tempered 
ftate.  A  leading  fcrew  might  be  ufed  to  drive  the  cylindrical  part,  if  thought  neceflaty, 
for  the  firft  taking  of  the  dies.  For  notwithftanding  all  the  difiiculties  of  the  method  by 
dies,  and  the  improvements  of  ingenious  artifts  in  the  method  of  turning  fcrews  by  a  tool 
mechanically  carried  along  the  axis,  there  are  fuficient  reafons  to  wxfii  that  the  tapping 
procefs,  on  whieh  they  are  originally  founded,  (hould  be  brought  to  perfe&ion.  But  the 
piefcnt  communication  is  already  of  fuch  a  length,  as  to  require  that  the  Talue  and  im- 
portance pf  thofe  methods  ihould  be  difcufled  in  a  future  paper. 
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The  Method  of  obtmning  the  Fixed  Alkalis  in  CryJloU  of  the  greateft  Purity.     By  LOWJTZ^ 
Profafor^  tsTr.  at  Peterjhurg  *• 

I.  X  HE  cauftic alkalis,  as  obtained  by  the  ordinary  procefles,  are  fufficiently  pure  for  the 
purpofes  of  pharmacy  and  the  arts ;  but  for  the  experiments  of  philofophical  chemiftry  the 
greateft  purity  is  required  in  every  fubftance  made  ufe  of. 

2.  Cauftic  alkalis  have  hitherto  been  very  (eldom  ufed  in  the  analyfis  of  mineral  fubflancet. 
M.  Klaproth  f  has  (hewn  their  utility  in  analyfes,  not  only  in  effeding  a  more  eafy  fepara- 
tion  of  aluminous  earth,  but  likewife  to  difunite  the  principles  of  the  moft  refradlory  foflilt* 
This  circumftance  has  induced  me  to  give  a  more  particular  defcription  of  the  difcovery  I 
made  fome  years  ago  of  the  cryftallization  of  the  cauftic  alkatis,  as  the  principal  means  o£ 
obtaining  them  in  a  ftate  of  abfolute  purity.  I  have  likewife  embraced  this  opportunity  of 
re£tifying  the  miftake  of  various  chemifts,  who  have  imagined  that  cryftallization  cannot 
take  place  but  during  the  moft  extreme  cold  of  winter. 

3.  My  firft  experiments  on  vegetable  alkali  were  made  in  the  hotteft  days  of  fummecj, 
and  the  moft  beautiful  cryftallization  was  formed  even  over  the  fire. 

4*  The  cryftallization  of  foda  does  not  fucceed  but  in  winter ;  but  the  ordinary  cold 
of  five  degrees  (R.)  is  fufficient  for  this  effcA.  The  reafon  why  this  alkali  requires  fo  low  at 
temperature  arifes  from  the  property  its  cryftals  poflefs  of  being  foluble  at  the  iiighteft  heat 
in  their  own  water  of  cryftallization.  The  fame  thing  is  obfervable  in  the  muriate  o£ 
foda  or  common  fait  cryftallized  by  cold  \. 

5.  Before  the  difcovery  of  this  method,  no  one  had  fucceedcd  by  the  ordinary  procefies  to 
obtain  a  colourlefs  lixivium  of  cauftic  alkali.  Thefe  folutions  were  always  more  or  le{& 
brown.  By  repeated  cryftallizations  this  lixivium  may  be  had  in  the  moft  concentrated 
ftate,  as  limpid  as  the  pureft  water;  which  inconteftably  proves  that  the  common  lixivia  are 
contaminated  by  heterogeneous  matters,  which  charcoal  and  the  ftrongeft  calcination  are 
incapable  of  deftroying. 

6.  The  whole  of  tlie  operation  for  obtaining  a  cauftic  alkali  of  the  greateft  purity  and 
without  the  leaft  colour,  confifts  in  this  :  A  cauftic  lixivium  of  pot-afti  is  evaporated  to  a 
thick  pellicle.  After  the  cooling,  the  foreign  fait  which  has  cryftallized  is  to  be  feparated, 
and  the  evaporation  of  the  lixivium  continued  in  an  iron  pot,  as  in  the  preparation  of  the 
lapis  caufticus.  During  this  fecond  evaporation  the  pellicle  of  foreign  falts,  particularly 
of  carbonate  of  pot-afti,  which  continues  to  be  formed,  muft  be  carefully  taken  off  with 
an  iron  ikimmer.  When  no  more  pellicle  is  formed,  and  the  matter  ceafes  to  boil  up^ 
it  is  removed  from  the  fire,  and  fuffered  to  cool,  with  continual  agitation  by  an  iron  fpa- 
tula.    It  is  then  to  be  diffolved  in  double  the  quantity  of  cold  water,  the  folution  filtered^ 

*  Von  Crell's  Chcmifchc  Annalcn  auf  1796,  b.  i.  f.  306.  , 

t  Beytrage  zur  Chcmifchcn  Kcnntnifs  der  Mineral  Koerper,  b.  i. 

\  Lowitz  obtained  this  fingular  cryftallization  of  the  muriate  of  foda  by  expofing  a  foIutioB  of  this  fait  to  in- 
tenfe  cold.  The  cryftals,  which  are  hexagonal,  are  two  inches  in  diameter,  and  one  line  thick.  They  liquefy 
at  a  few  degrees  below  the  freezing  point  of  water,  and  fell  into  a  very  hnc  white  powder  -at  an  extremely  low 
ttmpcrarurc.    Note  of  Van  Mons  in  the  Annalt  of  Chcmiftry,  XXII.  27. 
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and  evaporated  in  a  glafs  retort,  till  it  begins  to  depofit  regular  cryftals.  If  the  mafs  (hould 
confolidate  ever  fo  little  by  cooling,  a  fmall  quantity  of  water  is  to  be  added,  and  it  muft 
be  heated  again  to  render  it  fluid.  After  the  formation  of  a  fufficient  quantity  of  regular 
cryftals,  the  fluid,  which  is  very  brown,  is  to  be  decanted,  and  the  fait,  after  being  fuflired 
to  drain,  muft  be  re-diflTolved  in  the  fame  quantity  of  water.  The  decanted  liquor  muft  be 
kept  in  a  well  clofed  bottle,  and  fufFered  to  become  clear  by  fubfidence  for  fevcral  days. 
It  muft  then  be  decanted  for  a  fccond  evaporation  and  cryftallization.  The  procefs  muft 
be  repeated  as  long  as  the  cryftals  aflFord,  with  the  leaft  poflSble  quantity  of  water,  folutions 
perfedly  limpid.  Thefe  folutions  arc  to  be  prefervcd  in  wdl  ctefed  bottles,  to  defend  them 
from  the  accefs  of  air, 

7.  The  greateft  diflSculty  of  this  procefs  arifes  from  the  facility  with  which  the  lixivium 
aflTumes  the  folid  form.  To  obviate  this  inconvenience,  a  fmall  portion  of  the  lixivium 
may  be  concentrated  to  the  point  at  which  it  becomes  converted  into  a  folid  mafs>  by 
cooling.  The  facuration  of  a  lixivium  confiderably  evaporated  may  be  afcertained  by 
throwing  fmall  pieces  of  this  mafs  into  it  durtng  its  cooling.  When  thefe  are  no  longer 
diflblved,  it  is  a  proof  that  the  lixivium  is  at  the  required  point.  I  Iiavc  (hewn,  in  a  par- 
ticular article  on  the  cryftallization  of  falts^  the  principles  on  which  this  pra£lice  is 
founded  *. 

8.  This  method  of  proceeding  is  abiblutely  indifpenfable  in  the  cryftallization  of  foda, 
which  in  other  reipe£ts  is  made  in  the  fame  manner  as  that  of  pot-a(h.  The  alkali  would 
not  fail^  without  this  management^  to  form  a  folid  mafs  during  its  cooling. 

9»  With  regard  to  the  foreign  falts  which  are  mixed  with  the  pot-aih,.  the  greateft  por« 
-  tion  feparates  by  cryftallization  after  the  firft  evaporation  of  the  lixivium.  The  reft  is 
feparated  during  the  fecond  concentration  by  the  continual  ikimming  of  the  pellicle.  The 
little  which  may  remain  with  the  pot-afli  muft  precipitate,  for  want  of  water  of  folution,  in 
a  lixivium  wherein  the  alkali  itfelf  is  no  longer  diflTolved  but  by  its  own  water  of  cryftal- 
lization. 

10.  The  property  of  cauftic  alkalis  to  diflblve  in  highly  re£^ified  alcohol,  with  the  ex* 
clufion  of  every  foreign  fait,  would  aflFord  an  excellent  means  of  obtaining  this  fait  very 
pure,  if  their  mutual  adion  did  not  afllbrd  a  new  fource  of  impurity.  For  when  an  alkali 
abfolutely  pure  and  cryftallized  is  diflblved  in  fpirit  of  wine,  even  without  heat,  the  fluid  af« 
fumes  a  very  brown  colour,  which  becomes  ftill  deeper  after  decantation  from  the  faline  maCs. 

11.  The  cryftallization  of  pot-aQi  is  very  diflferent,  accordingly  as  the  cryftals  arc  formed 
with  cold  or  heat.  In  the  firft  cafe,  the  cryftals  obtained  are  oftahedrons-  in  groups, 
which  contain  0.43  water  of  cryftallization,  and  excite  by  theic  folution  in  water,  even  in 
the  fummer,  a  degree  of  cold  very  near  the  point  of  aqueous  congelation.  In  the  fecond 
cafe,  cryftalline  tranfparent  very  thin  blades,  of  extraordinary  magnitude,  are  formed, 
which,  by  an  aflemblage  of  lines,  in  directions  that  crofs  each  other  to  infinity,  prcfent 
an  aggregate  of  cells  or  cavities,  moft  commonly  fo  perfeflly  clofed  that  the  veflel  may 
be  inverted  without  the  efcape  of  the  fmalleft  drop  of  the  lixivium,  though  fometimes 
included  to  the  quantity  of  an  ounce  or  two.  For  this  reafon  it  is  neceflfary  to  break  this 
fine  cryftallization,  that  the  fluid  may  run  off.  The  cryftals  prefent  in  their  regular 
formation  re£langular  tetragonal  blades,  which,  as  they  contain  little  water  of  cryftalliza- 
tioni  produce  a  confiderable  degree  of  heat  when  diflfehred  in  water* 

•  Chem,  Annal.  auf  1795,  b.  i.  f.  6. 
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12.  Bjr  ezpoGng  fuch  alkaline  cryftals  to  a  red  heat  in  a  very  clean  crucible,  they  become 
fufed ;  and,  after  cooling  in  proper  moulds,  afford  a  lapis  caufUcus  as  white  as  fnow,  and 
extremely  cauftic  and  deliquefcent. 

13.  As  the  cryftals  and  the  lijuvium,  during  the  length  of  time  required  to  drain  the  fait, 
tnay  frequently  become  charged  with  a  portion  of  .carbonic  acid,  it  is  advifable,  in  order 
to  aVoid  this  inconvenience  as  much  as  poflible,  that  the  lixivium,  as  foon  as  it  is  brought 
to  the  requifite  point  of  faturation,  ihould  be  poured  into  a  narrow-necked  bottle,  and  well 
clofed  therein  to  cryftallizc*  After  the  cryftals  are  forced,  the  bottle  is  to  be  reverfed, 
without  opening,  and  kept  at  a  temperature  rather  warm  until  the  cryftals.  are  well  dried. 
During  the  winter,  the  liquor,  after  the  firft  cryftallization,  continues  to  cryftallize  with- 
out being  fubmitted  to  a  new  evaporation,  provided  only  that  it  be  expofed  to  a  tempera- 
ture fomewhat  colder  than  that  wherein  the  firft  cryftals  were  formed  *. 


VII. 
ExpiriffUPtts  on  Eau  de  Luce.     By  a  Correfpcndent. 

To  Mr.  Nicholson,  Editor  of^  The  Journal  of  Natural  Phtlofophy,  Cbemiftrj^  and  theArts*^ 
"    8IR, 

V^BSERVING  in  your  fecond  number  a  paper  on  the  compound  called  Eau  de  luce,  I 
here  fend  you  the  refult  of  fome  curfory^experiments,  which  I  was  induced,  for  the  benc« 
fit  of  my  female  friends,  to  make  fome  years  fince  on  this  article.  Tou  will  perhaps  your- 
ielf  profecute  them  farther  than  I  have  had  an  opportunity  of  doing. 

1.  Macqucr's  recipe,  and  that  in  the  London  Pharmacopeia,  were  both  tried ;  but  neither 
of  them  fucceeded.  I  was  however  informed  by  a  very  intelligent  apothecary,  that  the  beft 
eau  de  luce  might  be,  and  always  was,  made  without  any  other  ingredient  than  oil  of 
amber,  foap,  alcohol  and  ammoniac:  he  added,  that  thofe  who  are  judges  of  this  article 
deteft  in  a  moment  the  prefence  of  maftic,  and  efteem  fuch  as  contains  it  of  very  little 
value.  The  proportions  were  accordingly  varied.  Different  fpecimens  of  the  oil  were 
ufed — fome  of  the  firft  diftillation,  others  twice  reftified— but  with  no  better  fuccefs.— The 
beft  product  was  too  highly  coloured.  When  daftied  againft  the  fides  of  the  phial,  it  did 
not  flow  back  uniformly,  but  prefented  a  fomewhat  grcafy  appearance,  not  much  unlike 
that  of  a  common  emulfion  with  oil  and  «n  alkali  \  and  after  fome  days  the  oil  feparated 
like  a  cream  on  the  top,  and  the  liquor  became  femi-tranfparent. 

2.  Being  affured  from  a  number  of  enquiries,  that  maftic  was  the  moft ,  ordinary  bafis  of 
the  emulfion,  this  was  alfo  tried,  and  fucceeded  tolerably  at  firft.  The  milky  appearance  is 

**  Cryftals  of  cauftic  pot-aih  may  alfo  be  obtained  by  the  fucceffive  evaporation  of  a  folution  of  the  pot-afli 
«f  commerce  until  the  appearance  of  a  light  pellicle.  The  firft  cryftals  which  appear  arc  the  alkaline  carbonate, 
or  mild  alkali,  and  the  latter  the  pure  pot-aib.  In  this  way  the  lixivium  is  reduced  into  very  regular  cryftals, 
to  the  very  laft  portions, of  fait  which  it  contains.  Half  an  ovnce,  the  retidue  of  a  folution  of  feveral  pounds, 
ftill  affords  very  regular  cryftals.  It  is  even  remarkable,  that  the  latter  cryftallizations  arc  formed  with  infi- 
nitely more  facility  than  the  firft.  I  inferted  this  obfervation  in  a  Memoir  on  the  preparation  of  the  carbonate 
of  pot-afti  for  the  alkaline  mephitic  water  of  Colbum,  which  I  addrcfled  at  the  beginnijig  of  1793  to  the  So- 
cietc  Philomatiquc  de  P^iris^  and  has  in  part  been  printed  in  L'Efprit  des  Journaux  for  tlic  fame  year.  Note 
of  Van  Mons.  ^  ^ 

however 
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however  not  fufficlcntly  pennanent.  After  a  ccrUin  time— which  is  longer  in  proportion  to 
the  weaknefs  of  the  refinpus  folution,  and  the  ftrcngth  and  caufticity  of  the  ammoniac — this 
alfo  fepavates,  and  the  maftic  forms  a  hard  adheGvc  coagulum  which  floau  on  the  furface 
of  the  liquor.  This  effcft  is  much  accelerated  by  frequently  opening  the  phial,  but  re- 
tarded by  the  addition  of  alcohol. 

3.  Elemi  fuccccds  as  well,  or  better.  The  fame  obfervations  are  applicable  when  this  is 
ufcd,  as  in  the  preceding  cafe.  The  precipitate,  haweverj  when  formed,  fubfides  to  the 
bottom  of  the  liquor.  It  is  more  bulky,  and  not  fo  hard  as  that  of  the  maftic.  It  is  not 
unlike  that  which  is  formed  in  fuch  ink  as  contains  much  gum  and  alum. 

4.  A  mixture  of  elemi  and  maftic  in  folution  feems  much  fuperior  to  either  \  and  would 
perhaps  remain  fufpended  any  length  of  time,  if  the  ingredients  were  fo  apportioned  as  to 
make  the  compound  precipitate  as  neariy  as  poflible  of  the  fame  fpecific  gravity  as  the  liquor. 
The  beft  ^ rodufl  was  obtained  nearly  as  follows  %  but  the  ingredients  not  having  been  ac- 
curately weighed,  the  quantities  are  only  given  by  eftimation. — Digeft  ten  or  twelve  grains 
of  the  whiteft  pieces  of  maftic,  fele£led  for  this  purpofe  and  powdered,  in  two  ounces  of 
alcohol ;  and,  when  nearly  diflblved,  add  twenty  grains  of  elemi.    When  both  the  refins 
are  difTolved,  add  ten  or  fifteen  drops  of  re^iiiied  oil  of  amber,  and  fifteen  or  twenty  of 
eflence  of  bergamot :  (hake  the  whole  well  together,  and  let  the  faeces  fubfide.    The  folu- 
tion will  be  of  a  pale  amber  colour.    It  is  to  be  added  in  very  fmall  portions  to  the  beft 
aqua  ammoniac  purx,  until  it  aflumes  a  milky  whitenefs— -ihaking  the  phial  well  after  each 
addition,  as  direAed  by  Macquer.    The  ftrength  and  caufticity  of  the  ammoiuac  are  of 
moft  eflential  confequence.     If,  upon  the  addition  of  the  firft  drop  or  two  of  the  tinAure, 
a  denfe  opake  coagulated  precipiute  is  formed^-not  much  unlike  that  which  appears  on 
dropping  a  folution  of  filver  into  water  (lightly  impregnated  with  common  fait — it  is  too 
ftrong,  and  muft  be  diluted  with  alcohol.    A  confiderable  proportion  of  the  tincture,  per- 
haps one  to  four,  ought  to  be  requifite  to  give  the  liquor  the  proper  degree  of  opacity. 
I  have  frequently  fince  made  an  eau  de  luce  in  this  way,  in  which  no  depofition  has  after- 
wards appeared. 

5.  The  refin  formed  ftom  oil  of  amber  by  the  nitric  acid  was,  afiier  boiling  it  in  water^ 
tried  for  this  purpofe.  It  was  itfelf  of  a  light  chocolate  colour,  and  produced  an  op^ike 
fawn-coloured  liquor.  Common  yellow  refin  formed  a  coagulum  like  diat  of  maftic,  but 
almoft  inftantly.     Its  colour  was  bad,  and  its  foetor  too  ftrong  to  be  difgmfed* 

6.  Bal(am  of  copaiba  was  tried,  and  appeared  to  be  a  very  good  fubftance  for  this  pur- 
pofe ;  but  fome  other  bbje£ls  of  enquiry  interveningt  the  experiments  were  difcontinued. 
Copal  is,  it  is  faid,  equal,  if  not  fuperior,  to  any  of  the  refins ;  particularly  on  account  of 
its  having  a  lefs  unpleafant  odour  than  moft  of  them.  I  have  not  tried  it  myfelf  ;but, 
from  the  deferved  reputation  of  fome  trading  chemifts  who  I  know  make  cheir  eau  de  luce 
of  it,  I  have  no  doubt  of  its  anfwering  extremely  well  *• 

I  am.  Sir,  your  moft  obedient  Servant, 

lath  June  i^^'i^.  J.  F — ^:— :—:--: — r. 

**  The  theory  of  opake  fluids  depends  on  confiderations  of  an  optical,  mecbtnical,  and  chemical  nature.  For, 
.  I.  Such  a  fluid  muft  confift  of  parts  that  differ  in  their  refractive  powef,  and  are  not  fmalicr  tbui  a  determinate 
magnitude.    Newton's  Optics^  III.   Prop.  4.    a.  The  denfer  partides  will  defcend  with  velocities  nearly  uni- 
form, 
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VIII. 

An  Account  of  Experiments  defcrihed^  and  in  part  repeated^  at  the  Sitting  of  the  National  In" 
Jlitute  of  France^   on  the  15/A  Germinal^    in  the  Tear  4,      By   Citizens  FOURCROT  and 
Vau^ELIN  ;    On  Detonations  produced  by  Concujjim  *. 

X  HE  energy  and  rapidity  with  which  the  fupcr-oxigenated  muriate  of  pot-afli  inflames 
and  burns  moft  combuftiblc  ful>ftanccs,  is  the  fource  From  which  the  Citizens  Fourcroy  and 
Vauquelin  have  derived  the  new  fafts  which  they  have  communicated  to  the  National  In- 
ftitute  of  France,  and  exhibited  at  the  public  fitting  of  the  15th  Germinal,  in  the  4th  year 
of  the  Republic.  Several  chemifts  had  obferved,  that  this  fait,  difcovered  by  Berthollet 
"hbout  nine  years  ago,  and  which  feems  to  contain  the  elements  and  phenomena  of  thunder, 
decrepitated  and  emitted  fmall  eleftrical  fparks  by  fridion,  and  fpontaneoufly  took  fire  with 
fulphur.  And  an  unfortunate  experiment  made -in  Oftober  1788,  at  EfTone,  had  proved, 
that  when  ground  with  fulphur  and  coal,  to  convert  it  into  gunpowder,  it  takes  fire  fpon- 
taneoufly. Such  were  the  firft  obfervations  made  by  Lavoifier,  Pelletier  and  Van  Mons, 
when  Citizens  Fourcroy  and  Vauquelin  undertook  to  examine  the  feries  of  cffefts  of  the 
fuper-oxigenated  muriate  of  pot-afh  on  the  feveral  known  combuflible  bodies.  The  follow- 
ing arc  the  principal  fads  which  they  have  difcovered : 

1.  Three  parts  of  fuper-oxigenated  muriate  of  pot-afli,  and  one  part  of  fulphur  in  pow- 
der,  triturated  in  a  metallic  mortar,  caufed  numerous  and  fuccefllive  detonations  to  be 
beard,  refcmbling  the  cracks  of  a  whip,  the  report  of  a  piftol,  or  even  that  of  mufquetry, 
according  to  the  rapidity  of  the  motion,  or  force  of  preflTure  applied.  A  few  centigrams 
(or  fifth  parts  of  a  grain)  of  the  fame  mixture,  ftruck  hrifkly  with  a  hammer  on  an  anvil, 
exploded  with  a  noife  fimilar  to  that  of  a  mulket,  and  torrents  of  purple  light  were  feen 
Found  the  anvii.  The  fame  mixture  thrown  into  concentrated  fulphuric  acid  immediately 
takes  fire,  and  burns  without  noife  with  a  white  dazzling  flame. 

2.  Three  parts  of  the  fait,  half  a  part  of  fulphur,  and  half  a  part  of  charcoal,  afibrd 
ftronger  detonations  than  the  foregoing,  when  triturated  in  the  mortar,  and  a  more  confi- 
derable  noife  when  ftruck  on  the  anvil.  The  flame  of  this  mixture,  when  caufed  to  deto^ 
nate,  or  vhen  thrown  into  the  fulphuric  acid,  is  more  rapid,  ftrong  and  red  than  that  of 
the  preceding  mixture. 

3.  Equal  parts  of  fuper-oxigenated  muriate  of  pot-a(h,  and  of  antimony  in  powder,  ful- 
minate by  the  ftroke,  and  produce  only  reddifli  fparks  with  the  fulphuric  acid.  Zinc  at  a 
light  dofe  aUb  fulminates  with  a  white  flame,  but  fuflfers  no  change  by  the  fulphuric  acid. 

4.  Metallic  s^rfenic  detonates  very  ftrongly  by  the  ftroke  of  the  hammer,  and  takes  fire 
jwith  rapidity  and  .extraordinary  brilliancy  by  the  contaA  of  fulphuric  acid.     In  this  laft 

fcrm,  and  cseteris  paribus  in  the  dire£^  fubduplkatc  ratio  of  their  diameters.  Atwood  on  Motion,  Se6^.V.Prop.  10. 
And  3.  The  magnitude,  and  perhaps  denfjty,  of  all  chemical  depofitions  are  affected  not  only  by  the  nature  of 
the  ingredients  and  the  quantity  of  foivcnt,  but  very  much  by  the  order  of  mixture  and  other  circumftances  of 
manipulation.  This  laft  obfervation  ferves  to  account  for  the  various  rtfults  of  thcfc  and  many  other  experiments 
in  which  tranfparency,  opacity,  or  colour,  are  required  to  be  produced.     N. 

•  Annales  de  Chimic,  XXI.  135. 

experiment 
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^experiment  a  Anoke  arifcs  which  aflUmes  the  form  of  a  crown»  in  the  fame  manner  as  phof^ 
;phonited  hydrogenous  gas  when  fpontaneoufly  inflamed  in  a  calm  atmofphere. 

•5.  The'fuiphare  of  iron,  or  martial  pyrites,  inflames  rapidly,  but  without  noife,  when. 
'triturated  in  a  metallic  mortar  with  the  fuper-oxigenated  muriate  of  pot-a(h.  Thismixturc, 
when  ftruck  on  the  fteel  anvil,  detonates  ftrongly  with  a  red  flame. 

'6.  The  red  fulphure  of  mercury,  or  cinnabar,  and  the  fulphurated  oxides  of  mercury,  deto- 
nate by  the  ftroke  with  the  fuper-oxigenated  muriate  of  mercury  (q.  pot-afh) ;  but  they  do 
not  take  fire  with  the  fulphuric  acid.  Charcoal  alone  mixed  with  this  fait  has  the  fame  eflx'^ls. 

7.  Sugar,  the  gums,  fixed  and  volatile  oils,  alcohol,  or  ether  mixed  with  the  fuper-oxigen- 
ated muriate  of  pot-afli,  fo  that  thefe  laft  liquid  combuftible  fubftances  formed  a  pafte  with 
the  fait,  have  the  property  of  fulminating  very  ftrongly  by  the  ftroke  of  the  hammer.  They  all 
emit  a  very  ftrong  flame  on  detonation.  Thefe  mixtures  do  not  detonate  nor  take  fire  by 
fimple  trituration.  Some  of  them  take  fire  in  the  concentrated  fulphuric  acid.  Their  com- 
buftion  in  this  cafe  is  flow  and  fucceflive. 

8.  AH  the  fubftances  before  mentioned,  which,  when  mixed  with  the  fuper-oxigenated 
muriate  of  pot-a(h,  take  fire  and  burn  in  an  inftant,  and  with  confiderable  noife,  by  the 
n^pid  preflure  of  the  ftroke  of  the  hammer,  produce  a  much  ftronger  detonation  when 
wrapped  op  in  double  paper,  which  compreflTes  them  together  before  the  ftroke. 

9.  .The  eledric  fliock  from  a  ftrong  machine,  by  the  charge  of  a  battery  of  large  furfacc, 
•caufes  aU  the  foregoing  mixtures  to  detonate  in  the  fame  manner  as  concufiion ;  and  in  this 
'Cafic  alfo  they  emit  a  ftrong  light. 

To  all  thefe  fzSts  the  authors  add,  that  it  was  already  known  that  gunpowder  deto- 
nates by  a  violent  blow  or  fudden  preflure ;  but  they  obferve,  that  the  ftroke  muft  be  much 
ftronger  than  is  neceflfary  to  produce  fulmination  in  all  the  mixtures  of  combuftible  fub- 
itances  with  the  fuper-oxigenated  muriate  of  pot-afli,  and  that  its  detonation  is  far  from 
being  equally  remarkable  with  thofe  produced  by  the  new  fait.   ' 

With  regard  to  the  theory  of  this  fingular  phenomenon,  it  appears  to  them  to  be  the 
fame  as  that  publifhed  by  BerthoUet  relative  to  the  detonadon  of  fulminating  filver  by  the 
flighteft  contad.  Freflfure,  and  more  particularly  that  which  is  eflRsded  in  a  very  fliort 
time,  as  by  a  blow,  favours  the  union  of  oxigene  with  the  combuftible  body.  This  com- 
bination efl^eded  by  the  oxigene,  feparated  all  at  once  from  the  fuper-oxigenated  muriate 
of  pot-aih,  is  accompanied  by  a  fudden  expanfion,  and  inftantaneous  formation  of  gafe- 
otts  matters,  which  ftrike  and  comprefs  the  furrounding  air  with  fuch  velocity  as  to  pro- 
duce a  confiderable  noife.  The  light,  the  vapour,  and  the  odour  peculiar  to  each  com- 
buftible body  made  ufe  of,  prove  that  a  true  inflammation  takes  place>  and  that  the  ftrong 
tietonation  is  owing  to  its  violence  and  rapidity. 

The  inflammation  produced  by  the  concentrated  fulphuric  acid  arifes  from  the  difen- 
gagement  of  the  fuper-oxigenated  muriatic  acid  in  gas,  by  means  of  which  the  combuftible 
matters  mixed  with  the  fait  take  fire  ftiU  more  rapidly  than  in  the  ordinary  oxigenated  mu- 
riatic acid  gas.  • 


Vol,  L— July  1797.  Z  IX.  ^ 


•  1 70  Conipou$ids  <f  Oil  with  Alkali^  Limf,  Mnd  Ammoniac* 

IX. 

A  Memoir  on  thf  Coptbi nation"  of  0:1s  with  Earths ^  Vplatlle  Aihaliy  and  MetaOie  Suhjtances. 

By  M.  Berthollet*. 

^OAP  agrees  fo  far  in  its  properties  with  neutral  falts,  that  oil  muft  form  in  the  manner 
of  acids  a  great  number  of  combinations  hitherto  negledled*  This:  notion  led  me  to  make 
the  experiments  I  am  about  to  relate. 

The  adion  of  oil  upon  calcareous  earth  has  long  been  known  \  but  Mr.  Coftel  was  the 
firft  who  defcribed  the  method  of  accurately  combining  thefe  two  fubftances,  by  pouring  a 
folutibn  of  foap  into  lime  water  +. 

The  lime  unites  to  the  oil  of  the  foap,  and  forms  a  combination  which  is  infoIuble> 
and  may  be  reuined  on  the  filter  while  the  cauftic  alkali  is  fet  at  liberty,  and  may  be 
feparatcd  by  evaporation.  It  retains  a  fmall  quantity  of  oil,  which,  according  to  Mr.  Thou* 
venel,  may  be  wafhed  off  with  fpirit  of  wine  %•  This  chemift  remarks,  in  his  analyfis  of  the 
waters  of  Contrexeville,  that  the  cauilic  alkali  cannot  decompofe  calcareous  foap  \  fo  tha^ 
we  may  rigoroufly  affirm,  that  oil  has  a  ilronger  affinity  to  calcareous  earth  than  to  'fixed 
alkali  \  but  according  to  the  fame  chemifts,  if  the  effi:rvefcent  fixed  alkali  be  pouted  on 
calcareous  foap,  this  lall  is  decompofed,  the  alkaK  unites  with  the  oil,  and  the  calcareous 
earth  becomes  difengaged  at  the  fame  time  that  it  acquires  the  property  of  efiervefcence. 
The  difcoveries  made  fmce  this  diflertation  was  written,  explain  what  happens  upon  this 
occaGon.  A  double  decompofition  and  recompofition  take  place.  The  cretaceous  acid 
unites  with  the  calcareous  earth  of  the  oleo-calcareous  combination^  and  the  oil  of  the 
fame  combination  unites  with  the  alkali  thus  deprived  of  its  cretaceous  acid. 

M.  Thouvenel  on  this  occaGon  makes  a  refIe£Hon  of  too  great  importance  to  be  omitted* 
PhyGcians  often  prefcribe  the  ufe  of  foap  and  lime  together,  or  lime  water,  without  attend- 
ing to  the  change  and  decompofition  which  refult  from  the  ipixture  of  thefe  two  fubftances» 
For,  in  this  cafe,  it  is  the  cauftic  alkali  difengaged  from  the  foap  which  becomes  the  adive 
medicament ;  and  cbnfequently  that  the  efie£ls  of  fuch  mixtures  muft  vary  according  to  the 
proportions  and  other  concomitant  circumftances. 

I  have  likewife  examined  the  effeds  of  volatile  alkali  upon  calcareous  foap.  The  cauftic 
volatile  alkali  had  no  ftronger  aflion  upon  this  combination  than  the  cauftic  fixed  alkali  \ 
but  the  volatile  efiervefcent  alkali  decompofed  it  in  the  fame  manner  as  the  effisrvefcent 
fixed  alkali.  The  volatile  alkali  aflumed  the  appearance  of  an  oil,  and  the  earth  remained 
at  the  bottom  in  the  efiervefcent  ftate. 

After  having  decanted  this  faponaceous  fubftance,  I  evaporated  the  fuperfluous  volatile 
alkali  at  a  gentle  heat,  and  there  remained  a  foap  of  a  more  pungent  tafte  than  common  foap^ 
and  fomewhat  lefs  confiftent.  It  became  decompofed  by  long  expofure  to  the  air.  Spirit 
of  wine  diflTolves  it  well,  but  the  quantity  taken  up  by  water  is  extremely  fmalL  This  laft 
property  convinced  me  that  there  was  no  need  of  fo  complicated  and  fo  long  a  procefs  to 

•^  Acad.  Par.   1780. 
f   Analyfc  dts  Eaux  de  Pongiics. 

t  Qu.  M.  Bcrchollet  has  fincc  (hewn  the  cauilic  alkali  is  alfo  foiuble  in  that  fluid.  Sec  alfo  Philof.  Journal, 
1.  165.     N. 

make 
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make  diis  foap  ;  and  that,  for  this  purpofe^  I  might  make  ufe  of  the  aftion  of  double  afiitii- 
ties  in  a  different  manner. 

I  therefore  mixed  a  folution  of  comnion  foap  with  a  folution  of  fal  ammoniac,  and  I  faw 
•clots  formed  at  the  fame  inflant,  \yhich  confided  of  theammoniacal  foap,  and  were  retained 
on  the  filter }  fo  that  the  fixed  alkali  of  the  foap  united  with  the  marine  acid,  while  the 
volatile  alkali  combined  with  the  oil.  Strongly  perfuaded  as  I  am,  that  new  medicines 
ought  not  to  be  propofed  but  with  extreme  circumfpe6lion  \  and  that  we  (hould  rather  en- 
deavour to  diminifli  than  increafe  the  lift  of  materia  medica,  I  am  neverthelefs  tempted  to 
propofe  the  medical  ufe  of  this  foap,  which  mud  pofTefs  more  a^ive  virtues  than  the  com- 
mon foap,  and  which  has  the  advantage  over  that  of  Starkey,  of  a  very  eafy  and  fpeedy 
compofition,  uniformity  of  properties,  and  is  capable  of  being  preferved  in  clofe  veflels.  I 
am  aware  that  ufe  has  been  made  in  medicine  of  a  mixture  of  volatile  alkali  and  oil,  of 
which  a  combination  is  attempted  to  be  made  by  agitation  or  triturating }  and  that  a  mixture 
of  this  kind  is  to  be  found  in  the  London  Pharmacopeia,  under  the  napie  of  volatile  lini- 
«nent.  But  the  combination  obtained  in  this  way  is  very  imperfect,  and  totally  different 
from  the  foap  here  defcribed,  as  may  be  eafily  feen  by  infpe£tion. 

When  common  foap  is  mixed  with  felenitic  water,  two  decompofitions  and  two  new 
combinations  take  place,  as  Mr.  Coflel  has  proved.  Tho  alkali  of  the  foap  unites  with  the 
acid  of  the  felenite,  and  the  earth  of  the  felenite  combines  with  the  oil  of  the  foap,  form- 
ing an  infoluble  oleo-calcareous  matter  in  flocks,  which  cannot  anfwer  the  purpofes  of  ordi- 
nary foap.  Hence  the  felenitic  waters  have  been  difiingjuilhed  by  the  name  of  hard  .prater. 
Selenite,  however,,  is  not  the  only  fubftance  proper  to  form  the  oleo-^alcareous  combina- 
tion }  for  every  folution  of  this  earth  is  equally  proper.  The  folution  in  the  marine  or  ni- 
trous acid  may  be  ufed  for  this  purpofe.  When  foap  is  therefore  decompofed  in  hard  wa- 
ters, the  effed  depends  not  only  on  the  felenite  and  the  calcareous  earth  held  in  folution 
by  carbonic  acid,  but  likewife  upon  all  the  falts  with  bafis  of  lime,  or  even  nugnefia, 
which  may  exift  in  the  w^ter,  as  will  hereafter  be  (hewn. 

The  niixture  of  a  folution  of  foap  and  a  folution  -of  Epfom  falts  afforded  a  combination 
of  the  utmoft  whitenefs.  It  is  unduous,  dries  with  difficulty,  and  preferves  its  white  co- 
lour after  deficcation.  It  is  infoluble  in  boiling  water,  but  has  neverthelefs  a  decided,  tafle 
of  foap.  Exprcffed  oil,  as  well  as  fpirit  of  wine,  diffblves  it  in  confiderable  quantity ;  when 
water  is  added  to  the  folution  in  the  latter  fluid,  it  becomes  milky.  This  combination 
melts  with  a  moderate  heat,  and  forms  a  tranfparent  mafs  flightly  yellow  and  very  brittle. 
The  oleo-calcareous  combination  cannot  be  fufed  but  very  imperfe£Uy,  and  at  a  much 
fironger  heat. 

I  have  combined  oil  with  clay  by  mixing  a  folution  of  alum  with  a  folution  of  foap.  The 
refult  of  this  mixture  was  a  flexible  combination,  foft  to  the  touch,  which  preferves  its 
fupplenefs  and  ticnacity  in  drying.  It  appeared  to  me  to  be  infoluble  in  water,  fpirit  of 
wine,  and  oil.  It  very  readily  enters  into  fufion,'after  which  it  exhibits  a  mafs  of  a  beauti- 
ful tranfparence  rather  yellow. 

The  folution  of  ponderous  earth  in  marine  acid,  afforded  with  foap  a  combination  nearly 
the  fame  in  appearance  and  properties  as  the  calcareous  compound. 

The  .very  fimple*  method  ufed  in  thefe  experiments  to  form  combinations  of  oils  and 
earths,  was  attended  with  equal  fuccefs  when  applied  to  metallic  fubftanccs. 

Z  2  When 
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Wheii  a  mixtufe,  of  the  folutions  of  foap  and  corrofire  fublimate  was  made,  the  fluid  a(^ 
fumed  the  appearance  of  milk^  but  foon  after  exhibited  fmall  coagula.  It  is  almoft  im* 
poflible  to  filter  this  liquor,  but  the  greateft  part  of  the  mercurial  combination  is  flowly 
depofited.  This  depofition  may  be  accelerated  by  means  of  fpirit  of  wine.  The  fame 
combination  may  be  much  more  readily  effe£led  with  the  nitrous  fdution  of  mercury  *• 

The  oleo- mercurial  combination  is  yifcid,  dries  diflrcultly,  diflblves  very  well  in  oil,  and 
very  fparingly  in  fpirit  of  wine.  It  lofes  its  white  colour  by  expofure  to  the  air,  and  iic- 
quires  a  iUte  colour,  which  gradually  becomes  deeper,  more  cfpecially  if  it  be  expofed  to 
the  fun  or  any  other  heat.  It  readily  becomes  foft  and  ftuid.  It  mull  be  diftinguiflied 
from  the  mercurial  ointment  ufed  in  medicine,  for  in  this  the  mercury  poflefles  the  me* 
tallic  ftate  ;  whereas,  in  our  combination,  the  mercury  is  in  the  ftate  of  calx,  and  forms, 
with  the  oil  a  true  combination,  which  perhaps  might  prove  ufeful  in  medicine. 

The  combination  of  oil  and  zinc,  which  I  made  by  means  of  white  copperas,  is  of  a  white 
colour  inclining  to  yellow.  Jt  dries  fpeedily,  and  becomes  friable.  The  combination  of 
cobalt  and  oil,  made  by  means  of  the  folutioii  of  regulus  of  cobalt  in  aqua  fortis,  is  of  a  dull: 
leaden  colour,  and  dries  with  difficulty,  though  its  parts  are  not  conne£led  together.  To- 
wairds  the  end  of  the  precipitation  fome  coagula  of  a  green  colour,  and  much  more  confiflenf». 
fell  down.  I  apprehend  that  this  was  a  combination  of  oil  and  nickel ;  for  it  is  known  that 
this  femv-metal  is  ahnoft  always  contained  in  the  regulus  of  cobalt,  aifd  that  it  forms  green- 
folutions  with  acids,  while  thofe  of  cobalt  are  red.  I  could  not  cftablifli  my  conjed^urcy 
becaufe  I  was  unable  to  procure  nickel.  But  if  it  (hould  prove  well  founded^  this  procefs 
will  aflFord  an  eafy  method  of  Separating  the  two  metallic  fubftancesii 

I  made  the  combination  of  oil  and  tin  by  means  of  the  folution  of  this  metaMii  a^a* 
regia.  It  is  white,  not  fufible  when  exppfed  to  heat,  like  all  the  other  oleo-metallic  com* 
binations ;  but  it  is  decompofed  without  any  change  in  the  form  of  its  parts.  I  attribute 
this  circumftance  to  the  great  quantity  of  metal  contained  in  this  combination^  as  we 
Ihall  fee. 

The  oleo*martial  combination  is  of  a  reddifli  brown  colour,  tenacious^  and  eaCIy  fufiblc» 
When  fpread  upon  wood  it  foaks  in  and  dries.  It  is  eafily  foloble  in  oil,  more  particularly 
oil  of  turpentine,  to  which  it  gives  a  good  colour,  which  may  prove  ufeful  as  a  vami(h. 

The  oleo-cupreous  combination  which  I  have  made  by  means  of  blue  vitriol^  is  refinoua.. 
to  the  touch  while  moid,  is  of  a  green  colour,  and  becomes  dry  and  brittle.     When  dU 
gefted  in  fpirit  of  wine  its  colour  becomes  deeper,  and  it  liquefies,  but  does  not  diflblve  in . 
the  cold.     Ether  renders  its  colour  deeper  .and  more  beautiful,  inftantly  liquefies  jt,  and 
diflblves  a  confiderable  quantity.     This  combination  is  abundantly  foluble  in  oilsy  to  which . 
it  communicates  a  pleafant  green  colour. 

The  combination  of  oil  and  lead,  made  by  means  of  the  folution  of  fiigar  of  leadjj  is 
white,  tenacious,  and  very  adhefive  when  heated.  The  union  of  oil ^  and  the  lead  is^not 
fo  intimate  in  the  diachylon  (or  dired  folution  of  litharge  in  oil)  as.  in  this  combination} 
for  this  lad,  when  fufed,  is  tranfparent,  and  becomes  rather  yellowiih.  if  the  heat  be  fome« 
what  increafed ;  but  the  diachylon  is  opake,  and  the  oil  which  entess  into  its  compofition . 

^  Probably  with  different  effcdls,  accordingly  as  the  folution,  fuppoftd  to  b«  (aturaud,  is  made  with  or  without 
beat.     N. 

hai 
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Kar  acquired  an  acrid  property  from  the  heat  it  has  been  fubje&ed  to.  It  is  probable, 
therefore,  that  the  combination  I  have  formed  might  in  fome  cafes  be  advantageoufly  fub- 
ftituted  for  that  compound.  Geoffroy  formerly  remarked,  in  the  Memoirs  of  the  Academy 
for  1741,  that  the  combination  of  oil  which  he  made  in  the  manner  of  plaftersj  formed  a 
kind  of  foap. 

The  combination  of  oil  and  frlvcr  is  white  when  firft  made ;  but  after  a  few  infants' 
expofure  to  the  air,  it  aflumes  a  red  tinge,  which  no  doubt  depends  on  the  facility  witb 
which  this  metal  yields  its  oxigene  to  all  combuftible  matters*.  The  change  qf  colour 
in  the  oleo-mercurial  combination  appears  to  me  to  depend  on  the  fame  principle.  Whea 
the  combination  of  filver  is  fufed,  its  furface  becomes  covered  with  a-very  brilliant  iris;, 
and  beneath  the  fuperEcies  it  is  blaok. 

The  combination  of  gold  and  oil  partly  floats  on^  the  miicture  m  the  form  of  a  CFeara,rv 
which  is  at  fird  white,  foon  after  which  it  afltimes  a  dirty  purple  colour,.  It-  dries  with- 
<Kfficulty^  and  adheres  to  the  fkin,  fo  that  it  is  difficult  to  efface  the  impreflion. 

I^have  combined  the  metallic  principle  of  mangaaefe  by  mixing  a  folution  of  foap  with- 
a  folution  of  manganefe  in  the  marine  acid.  This  combination  is  at  firil  w4iite.  It  afltimes  in  < 
the  air  a  reddifli  colour  of  peach  Ubflbms,  which  becomes  more  and  more  deep.  Icfpeedily. 
dries  to  at  hard  brittle  fubftance,  and-by  liquefaction  It  afliimes  a  brown  blackifli  colour. 

In  order  to  afcertam  whether  eflential  oil  had  likewife  the  property- of  combining  with' 
metallic  fubftances,  I  mixed  a  folution  of  Starkey^s  foap  newly  made  with  a  folution  of  vitriol- 
ef  copper.  The  fame  thing  happened  as  wicb*^  the  common  foap,  excepting  that  the  com^ 
bination  was  rather  a  lighter,  green,  and  more  friable.*  Black  foap,  which  is  faid  to  be  made 
with  whale-oil,  aflbrded  me,  with  the  folution  of  vitriol  of  copper,  a  combination  which, . 
compared  with  that  obtained  by  means  of  common  foap,  is  rather  of  a  deeper  green,  re- 
mains fomewhat  fofter,  and  poflefles.avery  difagreeable  -fmell. 

I  was  defirous  of  forming  a  foap  with  cauftic  alkali  and  re£l;ified''animal  oil,  with  tlie 
intention  of  forming  other  combinations  afterwards ;  but  this  oil  formed  no  union  with' alkalis 
We  have  feen  that  the  calcareous  earth  (and  it  is  the  fanre  with  ponderous  earth)  ha»  more 
affinity  with  oil  than -fixed  alkal%  and  this  has  more  than  magneCa;  but  the  combination  4)f' 
magnefia  is»  not  decompofed  by  the  cauftic  volatile  alkali,  fo  that  magnefia  follows  the  fixed;' 
alfcUi  in  the  order  of  affinity.  Afterwards  comes  the  volatile  alkali,  which  decompofes  all 
the  metallic  combinations  with  more  orjefs  facility.  It  totally  difliblves  the  combinatioa 
of  fihrer;  but  the  mercurial  combination  is  that  which  appeared  to  me  moft  ftrongly  to 
refift  decompofitionk  With  regard  to  clay,  its  combination  is  decompofed  by  the  cauftic 
▼olatile  alkali,  even  more  readily  than  the  metallic  combinations.-  Whence  I  uifer  that 
it 'may  be  placed  after  the  metallic  fubftances^. 

Oils  by  expreffion  did  not  appear 'ta  didblvc  the  calcareous  and  argillaceous  combina- 
lions ;  oil  of  turpentine  difibWed  only*  a  fmall  portion  of  the  calcareous  combination,,  but 
rather  more  of  that  of  clay,  with  Which  it  formed  a  jelly.  Ardent  fpirit  diflblves  fome 
of  the  oleo-metaUic.  combinations  without  heat.    It  requires  heat  to  diflblve  fome  others ; . 


^  The  learned  author  will  certainly  approve  my  tranflating  the  only  theoretical  pafl^  in  his  memoiraccord- 
iflg.to  the  fimple  do^ine  he  now  inainuins.  In  the.  original  the  c£fe6t  is  afcnbed  to -the  attra^ioa  of  filvet  to 
pjrilo^fton.    N.. 

but 
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but  though  hy  tills  means  itattacks  them  all,  it  neverthelefs  diflblves  much  lefs  than  the  oils, 
particularly  the  oil  of  turpentine. 

I  calcined  part  of  the  combinations  here  defcribed  to  determine  the  quantity  of  earth  or 
metallic  calx  they  contained.  I  employed  half  an  ounce  of  each.  The  refidue  of  magnelia 
amounted  to  32  grains,  which  did  not  eflervefce  with  an  acid;  that  of  calcareous  earth 
was  36  grains,  which  eflFervcfced  ;  that  of  clay  a8  grains  5  of  iron  48  grains;  of  copper  33 ;  of 
^inc  42 ;  of  manganefe  40  ;  the  refidtie  of  filver  amounted  to  30  grains  in  the  metallic  (late; 
that  of  tin  i  gros  7  grains  of  the  reduced  metal ;  that  of  lead  formed  by  calcination  a  pyropho- 
rus.  When  thefe  combinations  are  to  be  made,  it  is  proper  to  ufe  the  folutions  in  a  faturated 
itate ;  for,  if  there  be  an  excefs  of  acid,  part  of  the  foap  is  decomposed  by  this  excefs ;  a  portion 
of  the  oil  floats  above;  but  part  of  the  oil  enters  the  combination  which  is  formed,  and  alters 
its  properties.  In  whatever  acid  an  earth  or  a  metal  may  be  diflblved,  the  fame  com- 
bination is  always  formed  by  means  of  foap  ;  neverthelefs  this  combination  fometimes  ex« 
hibits  different  appearances.  Thus  the  oily  compound  of  mercury  is  much  more  tenacious 
and  adhefive  when  corrofive  fublimate  is  ufed,  than  when  the  nitrous  folution  of  the  metal 
has  been  employed  ♦. 

When  the  filtered  liquor,  after  forming  the  oily  combination,  is  evaporated,  a  fait  is  ob« 
tained  of  the  particular  kind  which  refults  from  the  alkali  of  the  foap,  and  the  acid  of  the 
folution  made  ufe  of.  M.  Coftel  made  the  experiment  with  felenite,  and  I  repeated  it 
with  Epfom  fait  and  vitriol.  I  (irft  evaporated  to  perfed  drynefs,  after  which  I  diflblved 
the  refidue  in  filtered  water,  and  then  evaporated  and  cryftallized  f . 


X. 

Analyfis  of  a  Memoir  of  Citizen  BONHQMME  on  the  Nature  and  Treatment  of  Rachitis^  or  the 

Rickets  %. 


s 


INCE  the  obje£):  of  the  Society  of  Medicine^  in  the  ofier  of  its  prizes,  is  to  bring  our 
knowledge  of  the  healing  art  to  the  greateft  degree  of  precifion  and  accuracy  of  which  it 
is  fttfceptible,  this  company  mud  neceflfarily  direct  its  attention  to  the  progrefs  of  the  che- 
mical analyfis  of  animal  matters,  and  the  information  which  fooner  or  later  it  mud  afford 
rcTpefting  the  nature  and  treatment  of  many  diforders. 

-Tho'fe  diforders  which  alter  the  compofition  of  the  fluids  and  the  confiftence  of  the  folids, 
are  afluredly  the  firft  which  ought  to  be  determined  by  chemical  refearch.  1  he  rachitis 
is  of  this  number.  The  change  which  the  bones  undergo  in  this  diforder,  has  long  been 
attributed  to  the  a£lion  of  an  acid  on  their  fubftance  \  but  this  opinion  was  grounded  oa 
mere  fuppofition  and  remote  analogy.  The  fubje£l  is  treated  in  a  new  manner  in  the  me- 
moir, of  which  the  Society  has  directed  us  to  prcfent  the  refults  \  and  the  experiments  aa 

*  SubTei^uent  experiments  have  (hewn  that  a  much  greater  quantity  of  oxigene  is  prefent  in  the  former  than 
in  the  latter  cafe.     N. 

f  I  fuppofe  M.  BcrtholIet*s  experiments  were  made  with  foap  of  vegetable  exprelTed  oil.  The  common 
foaps  of  this  country  contain  animal  fat.     N. 

%  This  Memoir  was  read  to  the  National  Society  of  Medicine  at  Paris.  The  analyfis  was  made  by  Halle, 
and-is  inlened  in  the  feventeenth  volume  of  the  Annales  de  Chimie^  whence  this  tranilation  is  made. 

well 
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welf  as  the  oblbrvations  .upon  which  the  author  grounds  hia  inferenceSy  prefent  to  view 
matters  of  i^St  fufBciently  remarkable  to  afford  a  prefumption  that  new  experiments  will 
confirm  their  truth.  We  announce  them  on  the  prefent  occafion  with  expreffions  of  doubr> 
becaufe  thefe  are  the  exprefFions  which  the  wifdom  and  modefty  of  the  author  have  fug- 
gelled,  and  becaufe  we  think  with  him,  that  fa£ls  of  this  nature  cannot  be  dated  as  if  fully 
proved,  but  in  confequence  of  multiplied  experiments. 

The  principal  notions  which  conftitute  the  baGs  of  this  memoir  are  the  following : 

1.  According  to  the  author,  the  nature  of  the  rachitic  diforder  arifcs  on  the  one  hand 
from  the  development  of  an  acid  approaching  in  its  properties  to  the  vegetable  aciils,  parti- 
cularly the  oxalic,  and  on  the  other  from  the  defeft  of  phofphoric  acid,'  of  which  the  com- 
bination with  the  animal  calcareous  earth  forms  the  natural  bafis  of  the  bones,  and  gives 
them  their  folidity. 

Whence  it  follows,  that  the  indication  refulting  from  this  proposition,  if  once  adopted, 
would  be,  that  the  treatment  of  rachitis  mud  depend  on  two  principal  points,  namely,  to 
prevent  the  development  of  the  oxalic  acid,  and  to  re-eftablifli  the  combination  of  the  phof- 
phoric acid  with  the  bafis  of  the  bones  to  which  they  owe  their  folidity. 

2.  The  author  proves  by  experiments  and  obfervations,  in  the  firft  place,  that  alkaline 
lotions  of  the  parts  afFefted  with  rachitis  contribute  to  their  cure^  next,  that  the  calca- 
reous phofphate  taken  internally  is  really  tranfmitted  by  the  lymphatic  paflages,  and  contri- 
butes to  offification  ;  and  laftly,  that  the  internal  ufe  of  calcareous(  phofphate,  whether 
alone  or  combined  with  the  phofphate  of  foda,  powerfully  contributes  to  rcftore  the  natu- 
ral proportions  in  the  fubftance  of  the  bones,  and  accelerate  the  cure  of  rachitis. 

On  the  prefent  occafion  we  fhall  only  colleft  the  proof  of  thefe  fundamental  fa£ls,  which 
form  the  abfolutely  new  part  of  this  memoir,  in  which  the  author  has  bcfides  infcrted  an 
excellent  abridgement  of  all  that  had  been  afcertained  before  him  on  the  nature  of  the  bones» 
the  rachitis,  and  the  treatment  of  this  diforder. 

With  regard  to  the  firft  parts,  the  author  endeavours  to  eftaWifh  thefe  two  propofitions  :. 
J.  That  the  calcare6us  phofphate  is  wanting  in  the  bones  of  thofe  who  are  difordered  witli 
rachhis.     2.  That  the  development  of  oxalic  acid  is  the  caufe  of  this  alteration. 

We  muft  not  conceal,  that  this  ingenious  part  of  his  memoir  contains  rather  views  thar> 
abfolutc  proofs  of  the  nature  of  the  rachitic  acid.  The  author  himfelf  declares,  that  he  was 
not  provided  with  the  neceflary  means  to  eftablifh  an  exaft  and  complete  analyfis. 
He  therefore  prcfents  his  ideas  in  this  refpefl,  merely  as  conjefturcs  approaching  to  the 
truth. 

The  effeft  of  the  aflion  of  acids  upon  bones,  was  before  known  5  that  is  to  fay,  that  when 
deprivetl  of  calcareous  phofphate,  and  reduced  to  the  gelatinous  parenchyma  which  forms 
one  of  their  elements,  they  lofe  their  confidence  and  become  flexible.  Hence  it  was  already 
conjeftured  by  various  phyficians,  that  the  rachitis  was  the  effefl  of  a  peculiar  acid. 

A  difpofition  to  acefcence  in  the  firft  paffages  is  obfervable  in  aH  infants.  The-  odour 
which  charafterixes  this  acefcence  is  often  manifed  in  their  breath,  and  even  their^  pcr- 
fpiration.  The  bile  correds  this  difpofition  ;  but  in  general  the  bile  is  wanting  in  radiitic 
infants.  It  does  not  colour  their  excrements,  and  the  acids  accordingly  arc  developed  in  a 
very  decided  manner.  They  didurb  the  circulation,  and  attack  and  foften  the  bones..  As 
ix  is  by  defeat  of  animalization  that  thele  acids  develop  themfelves,  it  follows  that  their 

4  chara£^er 
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€hara£ber  id  analogous  to  the  fermentefcible  vegetable  acids,  and  tmote  or  lefs  to  (he  osaGc 
acid;  and  thatyon  the:contcary,  the  animal. acid  or  phofphoric  acictceafes  to  be  f6mied»and 
to  unite  with  the  animal  calcareous  earth  ;  whence  they  ore  deprived  x>f  ^e  princ^le  of 
their  Tolidity.    This  is  the  theory  of  Citizen  Sonhemme- 

In  order  to  edablifh  this  doftrine  vpon  precife  cxperimcntSj  it  was  requiGte  to  anadyle 
rachitic  bones  comparatively  withrthofe  of  .healthy  individuals  of  the  vfame  age  %  and  as  tt 
-is  known  that  the  urine  of  .rachitic  fubjcAs  depoftts  a  great  quantity  of  a  fubftance  of  fparing 
iblubility  and  earthy  s^peacance,  it  would  have  been  advantageous  to  have  joined  a  .com- 
jplete  analyfls  of  this  .urine  and  its  fediment. 

Citizen  Bonhomme  not  being  provided  with  the  means  fufficient  to  make  th^fe  analyfeSt 
.and  being  befides  of  opinion  that  fuch  rachitic  bones  as  are  deftroyed  by  this  malady  exift 
jn  a  progreflive  (late  of  change,  which  might  render  their  analyfis  fcarcely  fufccptible  of 
icomparifon,  limited  himfelf  to  a  colie£bion  of  fome  of  the  moft  remarkable  phenomena  of  the 
urine  of  the  :|ged,  the  adult,  and  infants  in  the  healthy  (late,  of  infants  in  the  rachitic  date, 
and  of  patients  after  the  perfedl  xure  of  this  diforder.  From  thefe  obfervations  he  Jias 
deduced  feveral  important  refults. 

It  is  known  that  when  the  urine  contains  difengaged  pho(phoric  acid,  as  happens  to  aged 
individuals,  and  in  fome  peculiar  circumftances  of  the  fyftem,  if  lime  water  ht  poured  in 
there  is  a  fpeedy  depofition  of  calcareous  phosphate.  It  is  alfo  known,  that  when  afohition 
of  the  nitrate  of  mercury  is  poured  to  the  frefli  urine  of  adults,  a  rofe-coloured  precipitate 
is  formed,  which  is  a  phofphate  of  mercury  produced  by  the  decompofition  of  the  phofphates 
icontained  in  the  urine.  Thefe  two  proofs  are  therefore  extremely  proper  to  aicertain  the  pre- 
sence of  pliofphoric  acid,  whether  free  or  combined,  in  a  fluid  which  in  its  natural  ftate 
contains  a  remarkable  proportion.  Befides  this  principle,  the  urine  depofits  more  or  lefs^of 
fediment^  cither  gelatinous  or  of  an  earthy  appearance ;  and  laftly,  by  evaporation,  a  fapo« 
naceous  and  faline  extra£l,  in  greater  or  lefs  abundance,  is  obtained' by  evaporatkm.  By 
means  of  thefe  four  methods  of  examination,  the  author  has  afcertained  the  following  fa£ts : 

1.  In  the  healthy  ftate,  the  fediment  naturally  depofited  by  urine  is  almoft  totally  gelati- 
nous in  the  infant  and  the  adult,  and  in  the  aged  individual  it  is  furcharged  with  an  abun- 
dant fediment  of  an  earthy  appearance  fimilar  to  the  earth  of  bones,  which  confequently  is 
calcareous  phofphate. 

2.  The  quantity  of  brown  faponaceous  faline  extra£i  afforded  by  evaporation  is  greater 
in  proportion  to  the  age. 

3.  The  prefence  of  difengaged  phofphoric  acid,  as  (hewn  by  lime  water,  is  none  in  the 
urine  of  infants,  fcarcely  perceptible  in  that  of  adults,  but  very  remarkable  in  that  of  old 
men.  For  two  ounces  of  this  laft  urine  afforded  by  this  means  ten  grains  of  phofphate  of 
lime. 

4.  The  decompofition  of  the  phofphates  by  nitrate  of  mercury  is  not  feen  in  the  urine  of 
infants ;  an  abundant  precipitate  of  a  light  rofe-colour  is  produced  in  this  way  from  the 
urine  of  adults ;  and  in  that  of  old  men  this  precipitate  is  always  of  a  grey  colour,  and  very 
abundant. 

Hence  Citizen  Bonhomme  concludes,  that  the  phofphoric  acid,  whether  at  liberty  or 
combined,  does  exift  in  the  urine  of  healthy  individuals  in  proportion  to  the  deftruc- 
tion  of  the  folids  by  age,  and  that  it  increafes  with  the  age. 

With 
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With  regard  to  the  urine  of  rachitic  fubjetS^s,  the  mod  remarkable  fa£bsiure>  i.  The 
Abundant  and  apparently  earthy  fediment  it  depofits  (fpontaneoufly)-  is  different  from  that 
t>f  old  mcni  by  its  colour,  which  is  g^ey  and  does  not  refemble  phofphate  of  lime,  and  alfo  by 
its  much  greater  quantity.  For  a  pound  of  this  urine  let  fall  two  gros^  whereas  tne  fame 
quantity  of  the  urine  of  old  men  depoCted  only  45  grains. 

2.  The  extrafl  left  by  evaporation  is  likewife  much  more  confiderable  than  in  other  urme. 
It  is  one  third  more  in  quantity  than  the  cxtrafl  afforded  even  by  the  urine  of  aged  perfons» 

From  tbefe  two  lirfl  obfervations  it  follows^  that  the  folids  in  rachitic  fubje£ts  are  deflroyed 
with  much  more  rapidity  than  even  in  old  men ;  and  that  they  afford  a  much  more  abun- 
dant portion  of  wade  to  the  urine. 

3.  The  light  depoFition  occafioned  by  lime  water  in  the  urine  of  rachitic  fubje£ts  ii 
very  fmall  in  quantity,  brown,  gelatinous  when  frcQij  and  pulverulent  when  dry.  It  does 
not  at  all  refemble  calcareous  phofphate. 

4.  The  depofition  formed  by  the  folution  of  mercurial  nitrate  is  not  abundant*  neither  of 
a  rofe  colour  as  in  the  urine  of  adults,  nor  grey  like  that  of  old  men.  It  is  always  white» 
and  confequently  has  no  external  refemblance  to  the  phofphate  of  mercury.  The  author 
a&ms  that  it  refembles  a  mercurial  oxalate. 

Laftlyt  the  urine  of  the  fame  rachitic  fubje£%s  when  caredy  exhibits  again  ail  the  charac* 
ters  obferved  in  the  urine  of  healthy  children. 

.  Wc  ihall  not  add  to  the  refle£kions  of  the  author.  In  eifefl,  though  thefe  firfl:  obfcm^ 
liont  are  curious,  they  are  incomplete.  We  offer  them  to  phyficians  (imply  as  the  ele*r 
nents.of  an  inveffigation  which  it  is  of  importance  to  continue  and  bring  to  perfection. 
We  (hall  therefore  proceed  to  the  curative  and  experimental  parts  of  the  memoir. 

We  muft  remark,  however,  in  this  place,  that  the  author  prefents  in  his  work  a  judicious 
and  methodical  expoiition  of  the  whole  treatment  of  the  rachitis  by  other  phyficians;  that 
he  eftiqagtes  the  value  of  each  remedy,  and  every  part  of  the  treatment,  from  the  circum* 
ftances  to  which  they  are  applicable,  the  degrees  of  the  malady  in  which  they  are  to  be  ad« 
mitted,  and  the  indications  they  anfwer.  Setting  afide,  therefore,  every  thing  which  is  not 
peculiarly  his  own,  we  (hall  in  this  place  attend  only  to  that  which  relates  to  the  ufe  an<) 
efic£ts  of  calcareous  phofphate  and  alkaline  lotions. 

One  of  the  fa£ls  which  it  was  of  the  utmoft  importance  to  eftabli(h,  was  the  tranfition  o£ 
the  calcareous  phofphate  from  the  inteftinal  paiKiges,  into  thofe  of  circulation  and  fecretign* 
Fourcroy  had  already  well  afcertained  that  the  ferum  of  milk  contains  this  fait  naturally. 
VaaqueUn  had  proved  its  exiftence,  as  well  as  that  of  pure  foda,  in  the  feminal'Quid  i  but 
was  ic  po(&blfi  that  it  could  pafs  unaltered  from  the  ftomach  and  inteftines  into  the  veflelt 
which  contain  the  blood  and  lymph  i  Could  it  by  this  means  apply  itfelf  to  the  bones  I 
This  was  to  be  afcertained  by  experiments.  . .   .    ■ 

ITo  te  continued,'}  « •; 
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Ifaae  Newton  having  obferved  that  inflammable  bodies  had  a  greater  refraAion  in 
proportion  to  dieir  denfity  than  other  bodies,  and  that  the  diamond  refemhled  them  in  this 

•Philofophical  Tranfaaions,  i797,p;  tlj;     *     "  '  *' 
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j)roperty,  iras  induced  to  conjecture  that  the  diamond  itfelf  wm  of  aft  inftunmabte  nature* 
Hie  inihnmnable  fubftances  which  he  employed  were  eamphor,  0il  of  turpentiiic^  oi)  oT 
*  olives,  and  amber ;  thefe  he  called  **  fat,  fulpbureotts,  ^nAuoua  bodies  ^^  and  4i&ng  the  (amc 
cxptcffion  rcrpcQing  the  diamond,  he  fays,  "  it  is  pr6bably  an  unAuous  h^  coagulated.*^ 
This  remarkable  conjedure  of  Sir  Ifaac  Newton  has  been  ^mct  confirmed  by  repeated  experi<» 
ments.  It  was  found,  that  though  the  diamond  was  capaWe  of  refifting  the  eflfe£l9  of  a  violent 
heat  when  the  air  was  carefully  excluded;  yet,  that  en  being  eipoiisd  to  the  aAien  of  heat 
and  air  it  might  be  entirely  confumed.  But  as  the  fole  objed  of  thefe  experiments  wai^ 
to  afcertain  the  inftammable  nature  of  the  diamoml,  no  atten'tion  was  paid  to  die  produ£b&: 
afforded  by  its  combuftion  ;  and  it  (liil  therefore  remained  to  be  determined,  whether  the 
diamond  was  a  diftinA  fubftance,  or  one  of  the  known  inflammable  bodies.  Nor  was  anyr 
attempt  made  to  decide  this  queftion  till  N^  LavoUier,  in  1772^  undertook  a  feries  ^f  ex- 
periments for  this  purpofe.  He  expofed  the  diamond  to  the  heat  produced  bf  a  lai^e  lens^ 
and  was  thus  eirabled  to  bum  it  in  dofe  ghlis  veflelsw  He  obferved  that  the  air  in  which^ 
the  itiSammation  had  taken  place  had  become  partly  (oluUe  in  water,  and  precipitated) 
'  ]Fr6'm  lime-Wat^  a  white  powder,  which  appeared  to  be  chalk,  being  foluUe  in  acids  withr 
effervefcence.  As  M.  Lavoifier  feems  to  have  had  little  doubt  that  this  precipitation  wtt^ 
OCTdifioned  by  the  produ£lion  of  fixed  air,  fimilar  to  that  which  is  afforded  by  oalcareout^ 
fubftancesy  he  might,  as  we  know  at  prefent,  have  inferred ,  that  die  diamond  eontained: 
charcoal ;  bat  the  relation  between  that  fubftance  and  fixed  air  was  then  two  imperfe^f^ 
iHiderftood  to  juftify  this  conclufion.  Though  he  obferved  the  refemblance-  a£  duurcodl' 
to  the  diamond,  yet  he  diought  that  nothing  more  could  be  reafonably  deduced-  frook  tfaoir 
analogy,  than  that  eachrof  thofe  fubdances  belongedHo  the  clafs  of  inflammable  bodieiv 

As  the  nature  of  the  diamond  is  fo  extremely  fingular„  it  feeraed  deferTiog-  of  fiin£er 
lamination  ^  and  it  wilt  appear  from  the  following  experiments  that  it  confifts  entirely.  d£ 
charcoal,  diflfering  from  the  ufnal  ftate  of  that  fubftance  only  by  its  cryftallized  form;  Froflftt 
die  extreme  hardnefs  of  the  diamond,  a  ftronger  degree  of  heat  is  required  to  inflame  it^ 
irben  expofed  merely  to  air,  than  can  eafily'be  applied  in  clofe  veflels,.  exc^  by  means  o£ 
%  Rrong  burning  lens ;  but  with  nitre  its  combination  may  be  effefted  in  a  moderate  heat^ 
To  expofe  it  to  the  a£lk>n  of  heated  nitre  free  from  extraneous  matters,  I  procured  a  tuber 
•f  gold,  which,  by  having  one  end  clofed,  might  ferve  the  purpofe  of  a  retort ;  a  glafii  tube: 
being  adapted  t^  the  open  end  for  coUeAing  the  air  produced.  To  be  certain  that  tfargdkt 
refill  was  perfcAly  clofed,  and  that  it  did  not  contain  any  unperceired  impiiifities  whidb 
tould  occafion  the  prodti^ion  of  fixed  air,  fome  nitre  was  heated  in  it'  till  *it  had  become: . 
alkaline,  and  afterwards  diflblved  out  by  water ;  but  the  Ibiution  was  perfe^y  free  from^ 
(xed  air,  als  it  did  not  aBe£i  the  tranfparency  of  lime-water.  When  die  diamond  was  de» 
ftroyed  in  the  gold  vefiel  by  nitre,  the  fubftance  which  remained  precipitated  Uaae  firon^ 
lime-water,  and  with  acids  afforded  nitrous  and  fixed  air*,  and  it  appeared  folely  toconfift  o£ 
JMtre  partly  decompofcd,  and  of  aerated  alkali. 

In  order  to  eftimate  the  quantity  of  fixed  air  which  might  be  obtained  from  a  ^veit 
weight  of-diamonds,  two  grains  and  a  half  of  fmall  diamonds  were  weighed  with  gireat  ac- 
curacy, and,  being  put  into  the  tube  with  a  quarter  of  an  ounce  of  nitre,  were  kept  in  a 
^ong  red  heat  for  abolit  an  hour  and  a  half.  The  heat  being  gradually  in^reafed,  the 
jaitf&  was  in  fome  degree  rendered  alkaline  before  the  diamond  began  to  bq  iaflnniedi  bj 
which  means  almoft  all  the  fixed  air  was  retained  by  the  alkali  of  the  nitre.    The  air  which! 

came 
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came  over  was  produced  by  the  decompofition  of  the  nitre,  and  contained  fo  little  fixed  air 
as  tooccafion  only  a  very  flight  precipitation  from  lime-water.  After  the  tube  had  grown 
ooldy  the  alkaline  matter  contained  in  it  wasdiiTolved  in  water,  ^nd  the  whole  of  the  4i.a^ 
monds  were  found  to  have  been  deftroyed*  As  an  acid  would  difengage  nitrous  air  from 
this  folution  as  well  as  the  fixed  air,  the  quantity  of  the  latter  could  not  in  that  manner 
be  accurately  determined.  To  obviate  this  inconvenience,  the  fixed  air  was  made  to  unite 
with  calcareous  earth  by  pouring  into  the  alkaline  folution  a  fufiicient  quantity  of  a  faturated 
folution  of  marble  in  marine  acid.  The  veflel  which  contained  them,  being  clofed,  was  left 
undifturbed  till  the  precipitate  had  fallen  to  the  bottom  ;  the  folution  having  beeii  previoufly 
heated,  that  it  might  fubfide  more  perfectly.  The  clear  liquor,  being  found  by  means  of 
lime-water  to  be  quite  free  from  fixed  air,  was  carefully  poured  off  from  the  calcareous 
precipitate  '*'•  The  veiTel  which  was  ufed  on  this  occafion  was  a  glafs  globe,  having  a  tube 
annexed  to  it,  that  the  quantity  of  the  fixed  air  might  be  more  accurately  meafured.  After 
as  much  quickfilver  had  been  poured  into  the  glafs  globe  containing  the  Cjalcarcous  precipi- 
tate as  was  necefTary  to  fill  it,  it  was  inverted  in  a  veflel  of  the  fame  fluid.  Some  marine 
.  acid  being  then  made  to  pals  up  into  it,  the  fixed  air  was  expelled  from  the  calcareous 
earth,  and  in  this  experiment,  in  which  two  grains  and  a  half  of  diamonds  Iiad  been  cm- 
ployed,  occupied  the  fpace  of  a  little  more  than  jo.i  ounces  of  water • 

'  The  temperature  of  the  room  when  the  air  was  meafured  was  at  5^%  and  tUe  barometer 
fiood  at  about  29.8  inches. 

From  another  experiment  made  in  a  fimilar  manner  with  one  grain  and  a  half  of  dia- 
monds, the  air  which  was  obtained  occupied  the  fpace  of  6.18  ounces  of  water }  according 
to  which  proportion,  the  bulk  of  the  fixed  air  from  two  grains  and  a  half  would  have  been 
equal  to  10.3  ounces. 

The  quantity  of  fixed  air  which  was  thus  produced  by  the  diamond  does  not  diflTer  much 
from  that  which,  according  to  M.  Lavoifier,  might  be  -  obtained  from  an  cqu^  weight  ef 
charcoal.  In  the  Memoirs  of  the  French  Academy  of  Sciences  for  the  year  1781,  he  has 
related  the  various  experiments  which  he  made  to  aCcertain  the  proportion  of  charcoal  and 
oxigene  in  fixed  air.  From  thofe  which  he  confidered  as  moil  accurate,  he  concluded 
that  100  parts  of  fixed  air  contain  nearly  28  parts  of  charcoal  and-  72  of  oxigene.  He  eili- 
jnatcs  the  weight  of  a  cubic  inch  of  fixed  air,  under  the  preflfure  and  in  the  temperature 
abovementioned,  to  be  .695  parts  of  a  grain.  If  we  reduce  the  French  weights  apd  meafures 
to  Englifh,  and  then  compute  how  much  fixed  air,  according  to  this  proportioQ,  two  grains 
and  a  half  of  charcoal  would  produce,  we  fhall  find  that  it  ought  to  occupy  very  nearly  the 
bulk  of  I  o  ounces  of  water.  * 

M.  Laivoifier  fe^nis  to  have  thought  that  the  aerial  fluid  produced  by  the  combuflion  of 
diediamoadwas Hot  4o  (bluUe  in  water  as  that  produced  from  calcareous  fubilUoces* 
•From  its  rcfendMaiice,:  however,  in  various  properties,  hardly  any  doubt  could  remain  that  it 
confifled  of  the  fame  ingredients  -,  and  I  found,  upon  combining  it  yith  lime,  and  exppfipg 
it  to  heat  with  phofphorus,  that  it  /ffbrded  charcoal  in  the  fame  manner  as  any  other  cal- 
careous fubflance. 

-.'^  If  mueh  water  kttd  -renMiMdv  a  ^aaAderable  portion  of  the  fixed  air  would  have  baen  aUbrbed  by  k.  But 
by  the  fame  method  as  that  defcribcd  above,  I  obfcrved  that  as  much  fixed  air  might  be  obtained  from  a  (blu- 
tion  of  mineral  alkali,  at  by  adding  an  add  to  an  equal  quantity  of  the  fame  kind  of  alkali.    T. 
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Vfefut  Notices  ref^eBing  various  ObjeBs. — Iniprovemeni  of  Tele/copes.-^  ImpfrfeSions  tf  Opticat 

Ghfi^'^PuriJication  of  Mercury. 

Jl  HE  eye  has  often  been  defcribed  with  admiration  by  opticians  as  a  perfefl  inftrumenti, 
as  well  as  by  others  in  a  more  loofe  way,  in  iiluftration  of  the  argument  from  final  caufes. 
When  the  corre£tion  of  the  aberrations  from  fphericity  and  colour  began  to  be  iuTefti* 
gated,  it  was  prefumed  that  the  arrangement  and  figure  of  its  parts  were  direfted  to  re- 
medy thefe  defefts  ;  a  notion  which  has  fince  been  fufficiently  refuted  by  Drs*  Ma&elyne  ^ 
and  Blair  f.  If  the  general  remarks  had  ever  been  extended  to  the  improvement  of  opti- 
cal inftruments,  in  (lead  of  having  been  applied  to  them  fubfequent  to  the  periodic  of  aAual 
difcovery ;  it  might  afford  matter  for  furprife,  that  the  mod  variable  of  alf  its  adjuftmentSy 
namely^  that  of  aperture,  has  never  yet  been  introduced  into  our  artificial  combinations. 
When  we  look  towards  a  window  or  any  luminous  objeA,  the  iris  immediately  conti;a£ls  \ 
and  on  the  contrary,  when  we  direfl  our  fight  to  the  inner  part  of  a  room,  or  to  any  obfcure 
place,  the  aperture  for  the  reception  of  light  Is  as  fpccdily  enlarged.  To  what  extent  this 
enlargement  may  be' carried  in  fituations  of  extreme  darknefs,  cannot  be  obferved ;  but  it  is 
certain,  that  in  the  obfervaUe  variations  of  the  human  eye,  the  aperture  is  thirty  times  at 
large  at  one  time  as  at  another }  and  that  in  the  cat  the  proportion  is  much  greater  dian 
an  hundred  to  one*  Hence  we  might  reafonably  infer,  on  general  principles,  that  Hie  di(L. 
tindtnefs  of.  vifion  through  tele{copes  would  be  improved,  if  thi&  adjudment  alfo  were: 
added  to  that  of  mere  focal  diftance. 

Every  attentive  oblerver^  mud  have  taken  notice,  that  tight  is  of  as  much  con(equence  to* 
artificial  vifion  as  magnifying  power.  Diftant  woods  and  other  land  objed^s  are  invifible  to 
an  high  magnifying  power  for  want  of  light,  when  the  fame  obJe£^  may  be-  diftinAly 
feen  with  a  lower.  Luminous  objects  are  feen  very  perfeflly  by  a  fmall-  aperture,  though 
coloured  by  a  greater  :  but  obje6ls  lefs  enlightened  will  receive  all  the  advantage. of  fuperior 
diftinflnefs  from  greater  light,  when  the  fringes  of  colour  may  be  too  faint  to;  be  of  any 
confequence.  From  thefe  circumdances  it  frequently  happens,  that  an  achromatic  perfpecw 
five,  admitting  plenty  of  light,  may  exhibit  land  obje£ls,  efpecially  in  the  evening,  to  mucK 
greater  advantage  than  a  refleftor,  admitting  lefs  light  but  performing  its  office  with  more 
accuracy ;  whereas,  on  the  other  hand,  the  latter  indrument  fhall  have  greatly  the  advaiN 
tage  when  tried  upon  a  planet. 

An  ingenious  mechanic  will  find  little  difficulty  in  contriving  an  artificial  iris.  Suppoie  » 
krafs  ring  to  furround  the  obje£l  end  of  the  telefcope,  and  upon  this  let  eight  or  more  triaiN 
gular  flips  of  brafs  be  fixed,  fo  as  to  revolve  on  equi-didant  pins  paffing  through  each  triangle 
ticar  one  of  its  corners.  If  the  triangles  be  Aided  inwards  upon  each  other^  it  may  readily 
be  apprehended  that  they  will  clofe  the  aperture  5  and  if  they  be  all  made  to  revolve  or  Aide 
backwards  alike,  it  is  clear  that  their  edges  will  leave  an  oflagonal  aperture,  greater  or  lefii 
according  to  circumdances.  The  equable  motion  of  all  the  triangles  may'  be  produced 
either  by  pinions  and  one  concave  toothed  wheel,  or  by  what  is  called  fnail-work.  Another 
kind  of  iris  more  compa£i  may  be  made  by  caufing  thin  eladic  flips  of  bra(s  to  flide  along 
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parallel  to  the  tube^  and  be  condufled  each  through  a  flit  in  a  brafs  cap  which  (hall  lead 
them  acrofs  the  aperture  in  a  radial  direction.  It  is  probable  alfo  that  the  artift  who  (hall 
carry  thefe  hints  into  cSeSt^  may  alfo  think  of  feveral  other  methods. 

2.  ImperfiiHottS  of  Optical  Glafs. 

THE  only  fare  method  of  afcertaining  whether  glafs  be  fit  for  optical  purpofes.  Is  to 
give  it  the  true  figure  of  a  lens,  and  examine  this  by  the  teft  of  a  high  magnifying  power. 
It  is  defirable  however  to  make  fome  fele^tion  by  trial  previous  to  this  labour.  A  lens  may 
be  fuppofed  to  confift  for  the  moft  part  of  a  fubftance  of  uniform  refractive  denfity,  but 
more  or  lefs  mixed  with  glafs  of  another  kind,  which  exhibits  the  appearance  of  fpots  or 
veins  which  interrupt  the  regular  courfe  of  the  light.  Where  this  interruption  is  produced 
by  confiderable  mafles,  the  imperfedlions  may  be  feen'by  the  naked  eye ;  but  where  the 
mafles  are  fmaller,  the  glafs  may  appear  very  clear,  and  yet  be  lefs  fit  for  optical  purpofes 
than  fuch  as  may  contain  feveral  vifible  imperfect  ions.  From  thefe  confiderations  it  ap- 
peared probable  to  me,  that  glafs  might  be  advantageoufly  examined  by  the  magnifier  "ap- 
plied  near  its  furface. 

An  exceedingly  clear,  brilliant,  yellow-tinged,  plano-convex  lens,  of  about  four  inches 
focus,  was  examined  by  looking  at  a  candle  through  it,  and  a  lens  of  half  an  inch  focus 
next  the  eye.  When  the  candle  was  about  two  feet  difiant,  I  obferved  a  prodigious  num- 
ber of  fmall  ett€t  images  of  candles  of  various  fizes,  which  became  fpots  at  a  greater  difw 
tance  of  the  large  lens  from  the  eye.  Removing  to  the  diftance  of  feven  or  eight  feet 
from  the  candle,  the  fmall  images  became  luminous  fpots,  fome  of  tliem  furrounded  by 
circles  of  alternate  light  and  darknefs.  At  this  diftance,  the  fpots,  by  removing  the  large 
iens  further  from  the  eye,  were  rendered  much  more  perceptible. 

Several  other  lenfes  were  viewed,  which  exhibited  a  few  images ;  but  in  a  white  com* 
mon  fpe£kacle  glafs  of  twelve  inches  fo^us,  the  images  appeared  fo  numerous,  that  the  lens 
refembled  the  waved  window-glafs,  and,  at  a  diftance,  appeared  prodigioufly  fpotted.  This 
lens  had  nothing  of  an  opake  appearance^  but  the  light  pafted  through  it  too  irregularly 
to  give  a  diftinA  pifture  in  the  camera  obfcura* 

A  good  greenifii  object-glafs  of  fix  feet  focus,  which  has  a  large  vein  or  two  acrofs  it, 
produced  no  more  efTeft  in  thefe  circumftances  than  if  it  had  not  been  intcrpofed  between 
the  eye  and  the  candle. 

From  die  circumftances  of  thefe  experiments,  we  may  infer  that  the  images  are  produced 
by  fpherical  particles  of  lefs  denfity  than  the  reft  of  the  glafs.  We  may  fuppofe  them  to 
have  been  filex,  the  fpecific  gravity  of  which  is  about  1.7,  which  is  nearly  the  fame  as  that 
of  green  or  crown  glafs,  but  is  one-fifth  lefs.  than  that  of  flint-glafs  taken  at  3.2. 

When  the  full  moon  was  looked  at  in  this  manner,  through  the  firft-mentioned  lens,  the 
images  were  confiderably  diftind,  and  all  nearly  of  the  fame  fize.  Their  magnitude  was 
about  one  two-hundredth  part  of  an  inch,  or  one-fifth  part  of  the  fize  of  a  bubble  in  the 
jglafs,  which,  by  eftimate,  might  have  a  diameter  of  one-fortieth  of  an  inch. 

3.  Purification  of  Mercury* 

MERCURY  which  is  confiderably  adulterated  may  be  moft  conveniently  and  eflec- 
tually  purified  by  diftiUation*    But  many  perfons,  fuch  as  mathematical  inftrument-makera» ' 

water- 
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water^gilders,  and  others,  who  have  occafion  to  ufe  pure  mercury,  may  r^e£b  fuch  ascon*  . 
t^ins  very  little  adulteration  for  want  of  the  chemical  apparatus  to  dtftiil  it.     The^oceiSi 
by  agitation,  firft  difcovered  by  Dr.  Prieftley,  is  far  from  being. generally  known  or  nrfedi 
but  will,  no  doubt,  prove  an  ufeful  acquifition  to  many  operators. 

This  proccfs  is  grounded  on  the.  faft,  that  the  metals  with  which  mercury  is  ufually 
contaminated,  become  converted  into  a  black  powder  by  partial  calcinatiim  when  agitated 
with  refpirable  air.  Take  a  glafs  vial  with  a  ground  ftopper  ♦  (fuch  being  generally  pretty 
ftrong),  capable  of  containing  lo  or  12  ounces  of  water,  and  fill  about  one-fourth  of  it  with 
die  foul  quickfilver ;  then  putting  on  the  ftopper,  let  the  bottle  be  held  inverted  with  both 
hands,  ihaking  it  violently  by  ftriking  the  hand  that  fupports  it  againft  the  knee.  After  twenty 
or  thirty  ftroke8,take  out  the  ftopper,  and  blow  into  the  vial  with  a  pair  of  bellows  to  change 
die  air.  For  the  purer  the  air  the  fafter  the  procefs  advances.  After  a  ihort  time,  if 
the  mercury  be  very  foul,  the  furface  will  not  only  become  black,  but  a  ^reat  quantity  of 
the  upper  part  will  appear  as  if  coagulated.  In  this  fituation  the  vial  is  to  be  inverted  | 
and  covering  the  mouth. of  it  with  the  finger,  all  the  mercury  diat  will  flow  eafily  is  to 
be  let  out,  and  the  black  coagulated  part  put  into  a  cup  by  itfelf.  The  running  mercurf" 
•may  be  feparated  from  the  black  powder,  by  prefling  this  mafs  repeatedly  with  the  fingen 
This  mercury  isto'be  added  to  the  reft,  in  order  to  be  agitated  again.   . 

The  proCefs  muft  be  repeated  till  no  more  black  matter  can  be  feparated  ;  and  it  is  no| 
a  little -remarkable,  that  the  operator  will  be  at  no  lofs  to  know  when  the  operation  is  com- 
pleted.  for -the  fame  <|uantity  of  lead  feems  to  come. out  of  it  in  equal  times  of  agitationi 
and  Gonffeqttcntly  the  wfa(^  becomes  pure  at  once.  The  found  of  the  pure  mercury  is 
jouder  and  more  harih  than  while  it  contained  the  adulteradon ;  fo  that  by  this  crikrioa 
'the  end  of  the  procefs  is  eafily  diftinguifhed. 

Dr.  Prieftley  pnrpofely  diflblved  both  lead  and  tin  in  a  large  quantity  6f  mercury,  which 
ht  afterwards  purified  in  this  way,  and  found  by  fubfequent  diftillation,  that  it  had  been 
rendered  quite  pure.  I  have  myfelf  ufed  this  procefs,  which  I  find  eafy  and  convenient. 
The  laft  pordons  of  black  matter,  which  give  the  mercury  a  dufty  look,  are  readily  fepa* 
rated  by  the  paper  funnel  as  ufual.  ^ 
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A  Memoir  containing  fome  Refults  ariftngfrom  the  ABion  of  Cold  on  the  Volatile  Oitf,  etni  an 
Examination  of  the  Concretions  found  in  Jeveral  of  tbofe  OiTrf.  By  Cit.  MjUtOVMHON, 
Member  of  the  Societe  del  Piarmaciens  at  Parity 

X  HE  volatHe  oreflential  oils  obtained  from  vegetables  owe ' their  fuidity,  in  the  fame 
manner  as  water,  to  the  portion  of  caloric  diey  Contain.  Several  of  them  lofe  this  ftatelk 
8^  above ^  the  term  of  aqueous  congeladon  (50**  Fahrenheit),  and  aflTumeihe  concr^e  form-} 

•  ExperimeBCs  and  Obfervations  on  Air,  abridged  and  methodited,  by  Jofeph  Prieftley,  LL.D.  F.R.&i. 
III.  43  9« 

t  Annalcs  de  Chiroie,  XXL  174. 

'%  The  temperatures  in  this  paper  arc  according  to  the  fcalc  called  Reaumur's,  in  which  the  fi^czhig  p6lnt  is 
narked  0^,  and  the  b<dliDg  water  point  80^.   N. 
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ot&ersy  on  the  contrary,  preferre  their  fluidity  at  a  much  lower  term.  It  is  upon  thefe  laft 
chiefly  that  I  hare  dire£ted  the  operation  of  cold,  with  two  obje^is  of  refearch :  the  firft^ 
to  obferve  the  cryftallization  which  thefe  oils  might  exhibit  by  the  lofs  of  their  caloric  h 
the  fecond,  to  afcertain  the  other  phenomena  which  might  arife  during  the  experiments. 
Thefe  experiments,  though  apparently  fimple,  are  not  however  without  their  difliculties* 
When  we  refleA  on  the  difierent  charafters  of  volatile  oils,  we  find  in  general,  that  the 
oils  obtained  from  the  plants  of  hot  climates  are  heavier  and  lefs  limpid  than  thofe  of 
colder  regions,  and  that  they  contain  a  fait  capable  of  cryftallization ;  that  the  oils  extra£led 
from  the  fame  plants  of  our  climates  vary  in  colour  and  fluidity,  according  to  the  nature 
of  the  foil  in  which  the  plants  have  vegetated,  the  care  in  cultivation,  the  influence  of  lights 
the  diflTerent  ftates  of  growth,  and  whether  they  be  recent  or  dry  when  fubjeftcd  to  diftil« 
lation :  Ujat  when  e&trafted  from  the  vegetable,  they  are  cxpofcd  by  the  nature  of  their 
principles  to  diflTerent  alterations,  according  to  the  more  or  lefs  eflfeflual  a£tion  of  the  air, 
the  contaA  of  light,  whether  kept  in  bottles  entirely  or  only  in  part  filled,  or  clofed  with 
a  ground  ftopper  or  with  a  cork.  Thefe  diflTcrences  will  cafily  (hew  that  the  refults  muft  be 
fubjeA  to  variation  :  and  I  have  accordingly  becrt  very  careful  to  ufe  only  fuch  volatile  oilt 
as  were  newly  extra£led  from  frefh  vegetables }  with  the  exception  of  thofe  from  exotic 
plants*.       / 

Cdftcirmng  the  ASion  of  Cold  on  fever al  Volatile  Oils^ 

I  HALF  filled  feveral  very  thin  bottles  with  the  volatile  oils  of  peppermint,  orange 
lowefs,  lemoQ-peel,  bergamot,  buds  of  lavender  and  of  thyme,  being  plants  of  our  cli-- 
nates}  oil  of  turpentine,  a.refinous  fubf^ance,  and  oil  of  cinnamon,  a  foreign  bark. 

Thefe  bottles,  clofed  with  ground  ftoppers,  were  expofed  for  feveral  days  on  a  terrace 
where  a  mexeurial  thermometer  marked  li®  beneath  the  freezing  point  (7^  Fahrenheit). 

At  thi»  degree  of  cold  I  obferved  that  there  was  formed  at  the  upper  internal  part  of  the 
bottles  a  cryftallizatioa  in  diflTerent  ramifications,  fimilar  to  thoie  feen  on  the  windows  of 
apartments  in  very  cold  weather. 

Oil  of  bergamot  exhibited  a  number  of  fmall  elliptical  laminse  in  its  fubflance )  that  of 
kmons  had  depofited  fmall  cryftals;  oil  of  orange-flowers  exhibited  a  diminifhed  fluidity;, 
diat  of  cinnamon  was  partly  congealed  on  the  augmentation  of  the  cold,  when  the  thermo- 
neter  in  my  laboratory  ftood  ^15^  bek>w  freezing  ( —  i^  Fahrenheit).  I  took  advantage 
rf.  this  time  to  expofe  the  fame  oils  to  the  adion  of  an  ihificial  cold,  which  I  procured  by 
a  mi3eture  of  ammoniacal  muriate  and  ice,,  which  caufed  the  thermometer  to  fink,  to  22  de- 
grees (—  1 7®  Fahrenheit).  I  kept  up  the  fame  degree  of  cold  for  two  hours,  by  alternately 
adding  the  ammoniacal  muriate  and  ice.  During  the  a£^ion  of  this  cold  upon  the  oils,  the 
ftoppers  were  raifed  by  the  expanfion^and  difengagement  of  a  gafeous  fubilance,  which  per* 
fumed  the  laboratory-  and  its  environs  more  ftrongly  than  when  thefe  oils  were  diftilled  in 
fummcr.  The  upper  part  of  the  bottles  was  lined  with  needles,  of  which  the  ramificationt 
Ibrmed  dendrites.  "When  the  furrounding  ice  began  to  change  its  temperature,  I  proceeded 
CO  examine  the, oils  as  fpeedily  as  poflKble,  and  remarked  : 

I.  The  interior  furface  of  the  boule  which  contained  the  oil  of  peppermint  was  covered 
with  finaH  ncqdlcs  which  formed  a  capillary  vegetation.  They  were,  white,  and  liquefied  on 
the  fingers.    When  applied  to  the  tongue,  they  afforded  the  frefh  and  pungent.fmell  of  the 
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oil.  Their  folutlon  in  alcohol  became  white  by  the  addition  of  water.  The  oU  poflcficd 
an  imperfeA  fluidity ;  its  fmell  was  Icfs  intenfe,  and  its  colour  deeper.  .It  was  foluble  in 
alcohol,  and  had  loft  by  congelation  one  *  part  of  its  weight  f  • 

2«  The  bottle  containing  volatile  oil  of  orange  flowers  exhibited  different  ramifications  in 
its  fuperior  internal  cavity.  Upon  drawing  the  flopper  a  difengagement  of  air  took  place^ 
together  with  the  other  phenomena  obferved  in  the  oil  of  peppermint,  with  this  difference^ 
that  the  mafs  of  the  oil  was  more  coloured  \  that  it  had  loft  its  fluidity,  fo  as  to  adhere  to 
the  bottle  like  turpentine ;  and  wh^n  poured  into  water  fome  particles  feparated^  which  re- 
mained conftantly  at  the  bottom  of  the  fluid. 

3.  The  artificial  cold  produced  no  other  effeA  on  the  oil  of  bergamot  than  the  appearance 
of  fome  cryftalline  laminx  of  an  elliptical  form.  This  oil  refumed  its  fluidity  at  four  de- 
grees below  o  (or  23  Fahrenheit).     Its  properties  were  not  perceptibly  changed. 

4.  The  volatile  oil  of  lemon-peel,  when  taken  out  of  the  bath  of  ice  and  fait,  appeared  to 
have  lofl  its  fluidity.  At  the  expiration  of  fome  days,  I  perceived  that  an  amber-coloured 
liquor  had  feparated  from  this  oil,  with  feveral  fmall  cryftals.  I  decanted  thefe  feveral 
|irodu£ls  from  each  other,  and  obtained  the  following  refults : 

A.  The  oil  from  which  the  amber-coloured  liquor  had  been  feparated  pofleflled  the 
colour  and  tranfparency  of  the  common  oil,  but  its  fmell  and  tafle  were  lefs  pungent.  Iti 
folution  in  alcohol  was  finiilar  to  that  which  had  not  been  fubje£ted  to  cold. 

B.  The  amber-coloured  liquor  afforded  by  the  volatile  oil  of  lemon-peel  by  the  adion  of 
cold,  poflefled  an  empyreumatic  fmell.  Its  tafle  was  bitter  and  flightly  acid.  It  mixed 
urith  water,  reddened  the  tin&ure  of  toumfole,  did  not  precipitate  lime-water,  and  caufed 
an  eflRcrvefcence  with  the  carbonate  of  pot-aOi.  This  liquor  was  aflForded  from  the  oil  o£ 
lemons  in  the  proportion  of  one- tenth  part  of  the  whole. 

C.  The  concretions  or  fmall  cryflals  obtained  from  the  volatile  oil  of  lemons  did  not 
poflefs  a  well  determined  form.  They  were  white,  fcarcely  confiflent,  and  became  opake 
and  friable  by  the  contaft  of  the  atmofpheric  air.  They  emitted  an  odour  of  oil  of  le- 
moAS,  were  infoluble  in  cold  water,  liquefied  in  boiling  water,  and  formed  a  pellicle  at  its 
furface  while  cooling.  When  heated  in  a  capfule,  they  melted,  and  cryflallized  in  needles 
by  cooling.  They  did  not  take  fire  by  the  flame  of  a  candle.  Their  folution  in  alcohol 
reddened  the  tin£lure  of  toumfole. 

5.  The  bottle  containing  the  volatile  oil  of  turpentine  had  its  fuperior  internal  furface 
covered  with  a  flight  efilorefcence,  produced  by  a  portion  of  the  oil  which  had  rifen  by 
evaporation.  Concretions  were  formed  in  the  mafs  of  the  oil  adherent  to  the  fidea  of  the 
1>ottle  in  the  form  of  flattened  tears.  Thefe  were  white,  opake,  and  more  firm  than  turpen- 

•  This  fra£^tea  m  the  original  is  rendered  imperfe6k  by  the  type  for  denominator  having  fallen  out.    N. 

f  Citizen  Peilerier  hat  fome  oil  of  peppermint  which  cry(UUizes  in  long  needles  at  the  temperature  of  fix  de» 
^reet  below  congelation  (or  18  Fahrenheit),  and  almoft  totally  at  a  few  degrees  lower. 

In  a  package  of  the  volatile  oil  of  peppermint,  which  Itc  received  from  London,  he  found  a  pint  bottle  brokeo, 
and  the  ctlfpiiled  among  the  hay  made  life  of  for  the  package.  He  referved  this  hay  for  diAiliation,  in  order  to 
recover  the  oil.  At  the  end  of  ei^ht  days,  perceiving  that  the  hay  began  to  ferment,  he  immediately  fub)e6M 
it  to  diftiliation,  and  obtained  a  very  fine  ojl  polTeffing  the  property  of  cryftailixation.  Citizen  Pelletifer  it  of 
opinion  that  it  acquired  this  property  by  combining  with  the  cUilUc  fluid  produced  in  the  incipient  fermentation 
^thehay.    M* 
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tittc.   They  refumcd  the  fluid  (late  at  fcvcn  degrees  below  congelation  (or  i6»  Fahrenheit). 
This  fluid,  being  poured  into  water,  funk  to  the- bottom. 

The  oil  from  which  the  concretions  were  obtained  did  not  appear  to  be  changed. 

6.  The  Tolatilc  oil  of  lavender,  newly  diftilled,  rofe  flightly  in  vapomr,  and  formed  a  conh 
lactation  in  the  upper  part  of  the  bottle.    The  portion  of  oil  that  remained  had  loft  its 
fiytdity,  and  acquired  a  deeper  colour. 
.  7.  The  oil  of  thyme,  recently  obtained,  afibrded  the  fame  refults. 

8.  Volatile  oil  of  cinnamon,  fubjefted  to  the  adlion  of  artificial  cold,  became  very  thick, 
and  exhibited  an  irregular  cryftallization ;  and,  as  Citizen  Baume  has  obfervcd,  this  oil  re- 
fumcd its  fluid  ftate  at  four  degrees  below  o  (or  23°  Fahrenheit)  without  alteration. 

Concerning  the  ABion  of  Cold  and  of  Water ^  during  its  Tranfition  to  the  Glacial  State^  upon  the 

Volatile  Oils. 

WATER,  in  its  paflage  to  the  ftate  of  ice,  lofes  part  of  its  caloric,  increafes  its  volume, 
and  exerts  a  prefllire  on  furrounding  bodies. 

Being  defirous  of  knowing  what  would  be  the  refult  of  thefc  phenomena  on  the  volatile 
oils,  I  made  the  following  experiment  : 

I  poured  diftilled  water  into  feveral  bottles,  and  added  volatile  oils  which  had  not  been 
fubjefted  to  any  experiment.  I  placed  thefe  bottles  in  capfules  of  glafs,  and  expofed  them 
at  a  window  where  the  thermometer  marked  1 1  degrees  below  freezing  (or>7  of  Fahrenheit). 
At  the  moment  when  the  water  aflTumed  the  ftate  of  ice,  feveral  of  the  ftoppers  were 
•forced  up  by  the  difengagement  of  an  aromatic  principle.  The  frozen  water  fpb^dily  after- 
wards increafing  its  volume,  caufed  feveral  of  the  oils  to  flow  over  the  cxterzial  furface  of 
the  bottles. 

The  bottle  containing  volatile  oil  of  peppermint  was  covered  with  a  capillary  vegetation, 
as  well  as  the  capfule.     The  other  oils  exhibited  nothing  particular. 

Frouft  had  occafron  to  obferve  a  fimilar  phenomenon  on  pouring  out  the  oil  of  lavender 
which  had  been  evaporated  by  cold :  part  of  the  volatile  oil  which  had  been  thus  expofed 
to  cold  having  efcaped  out  of  the  bottle,  he  faw  a  few  inftants  afterwards  a  kind  of  fnow  on 
the  whole  furface  of  the  bottle  which  had  been  covered  with  the  oil. 

The  aftion  of  cold  and  of  water  on  the  oil  of  peppermint  had  augmented  the  intenfity 
of  its  colour,  and  weakened  its  fmell.  This  oil  had  preferred 'its  folubility  in  alcohol.  The 
needles  which  had  feparated  from  the  volatile  oil  of  peppermint  during  its  efcape,  were 
white,  filky,  and  brittle ;  they  had  the  fmell  of  mint.  When  applied  to  the  tongue,  they 
left  the  cool  and  pungent  tafte  of  tlie  peppermint  drops'  oir  paftils.  They  fuffered  no  al- 
-tcration  by  the  conta£l  of  the  air ;  were  fuied  without  inflammation  by  the  flame  of  a 
candle,  and  became  confiftent  and  tranfparent  by  cooling.  When  thefe  needles  were  tri- 
turated in  diftilled  water,  they  communicated  to  the  fluid  the  property  df  reddening  the 
tindlurc  of  tournfole ;  their  folution  in  alcohol  was  attended  with  a  flight  noife  and  agitation 
(fremiflement),  and  did  not  become  white  by  the  addition  of  water,  as  ufually  happens  witli 
fuch  folutions.  From  thefe  various  experiments  it  follows,  tliat  a  tchiperature  of  1 1  degrees 
below  o  of  the  thermometer  of  Reaumur  (or  7®  of  Fahrenheit)  produces  no  change  in  fe- 
veral of  the  volatile  oils,  but  thickens  tliofe  of  cinnamon  and  bergamot^  and  determines  a 
cryftallization  more  or  lefs  regular  j  that  the  intenfe  cold  obtained  by  a  mixture  of  muriate 
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of  ammoniac  and  ice  difengages  from  the  volatile  oils  part  of  their  aroma  \  renders  thetf 
colour  more  intenfe,  thickens  them,  prodiices  concretions  in  the  oils  of  turpentine  and 
lemon,  and  (eparates  from  the  latter  an  amber-coloured  fluid,  which  appears  to  poflefs 
fallne  properties ;  and  laftly,  that  the  a£tion  of  the  cold  from  water,  with  the  concurrence 
of  the  air  on  the  volatile  oil  of  peppermint,  aflForded  a  cryftaUine  matter  difpofed  in  filkj 
needles,  which  various  experiments  prove  to  be  a  peculiar  fait ;  whence  it  may  be  con* 
eluded,  that  the  needles  of  camphor,  which  are  faid  to  have  been  found  in  the  diftilled  water 
of  peppermint^  are  of  the  nature  of  this  fait. 

[To  be  concluded  in  the  mxt  Number.'] 


MATHEMATICAL  CORRESPONDENCE. 
Question  III.     Anfvjered  byJ.F R. 

J-^£T  A,  B,  C  and  D,  be  the  players  in.  the  order  of  feniority.    Then,  the  la(l  card  bemp 
a  trump,  there  will,  when  D  begins  to  deal,  be  12  trumps  out  of  51  cards,  to  be  diftributed 

among  them.   The  chance  that  A's  firft  card  is  not  a  trump,  will,  therefore,  be  ^.  This 

having  happened,  the  chance  that  the  next  card  will  not  be  a  trump,  will  become  h.  ,and  the 

next  i?.  Then  A's  chance  that  his  firft  card  will  be  one,  will,  of  courfe,  be  I^  or  i-j  which 
49  48       4 

having  happened,  A's  chance  of  failure  becomes  1-,  and  fo  on.     By  proceeding  in  this 

,way,  we  find  the  whole  value  of  I^s  chance  for  all  the  trumps  = 
39>38.37>36.35-34.3S&c,....^        Tl-  ^  ^^^  ^^^^^^  multipUeri, 

ji.  5a  49.  47. 46. 45-43  &c .5^     41*'^  ^  ^       ^ 

^^^°^^*  ,^  ,^  „ — :; — z :: ^  — o b •  ^^  that  the  odds  againft  it  are 

1 7. 10.  7.  47.  46.  5. 43.  7.  41  15^753389900 

158753389899  to  '• 

The  fame.     Anfwered  by  W.  T  of  Bath. 

SUPPOSING  a  pack  of  cards  to  be  properly  fliuffled,  and  the  bottom  card  to  be  after- 
wards turned  up,  and  confequently  known ;  it  is  required,  in  the  ftridi  fenfe  of  the  queftion, 
to  find  the  probability  that  every  fourth  card,  dealt  oflT  from  the  top,  ihall  be  of  the  fame 
fuit  with  the  trump  card  which  is  expofed.  But  as  the  chance  for  fome  one  of  the  trumps 
lying  in  the  4th,  8th,  12th,  &c.  place,  is  evidently  the  fame  as  for  its  lying  in  aiiy  other 
place  ;  it  amounts  to  the  fame  thing  as  to  determine  the  probability  of  a  perfon's  drawing 
the  12  remaining  trumps,  one  by  one,  at  random,  in  12  trials.  To  effeft  this,  it  is  new 
ceffary  to  obfervc,  that  as  there  are  now  51  cards  in  all,  and  only  12  in  his  favour,  the 

probability  of  his  drawing  one  of  the  trumps,  the  firft  trial,  is  —  5  and  if  this  be  fuppofed 
to  be  done,  and  the  card  taken  away,  there  will  now  remain  50  cards  in  the  pack,  and 

only  I X  in  his  favour ;  whence  the  probability  of  his  fucceeding  the  next  trial  is  — .   In  like 

50 


manner 
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manner^  the  probability  of  his  fucceeding  the  third  time  is  — ,  the  fourth  time  -^,  the  fifth 

49  4^ 

— •  the  fixth  "^,  the  fcventh  — ,   the  eighth   —,  the  ninth  —    the  tenth—,  the  eleventh 
47  46'  45  ^        44  43  4^ 

— ,  and  the  twelfth  — .  And  fincc  the  probability  of  the  happening  of  any  number  of  events, 
is  equal  to  the  produfl  of  the  feveral  probabilities  of  each  of  them  happening,  when  con- 

fidcred  feparatcly,  we  (hall  have  "x-^X  —  X-^X  —  X—    X  —  X  —  X~ 

^  5«         5<^  49        48  ^  47  ^  46        45         44  ^  43 

221  I 

X  —   X  —  X  —  =:  — s r for  the  probability  required.    So  that  the  chances 

42         41         40         IS87533«9900  r  y       n 

againft  the  dealer,  at  the  game  of  whift,  having  all  the  13  trumps  in  his  own  hand,  are  above 
a  hundred  thoufand  million  to  one.  And  if  the  chances  thus  determined  be  fubftituted 
in  the  analytical  formula,  given  by  Demoivre,  in  his  Doflrine  of  Chances,  3d  edit.  Frob.  Ill, 
it  will  be  eafy  to  (hew  that  the  number  of  trials  in  which  this  event  may  probably  take  place 
is  11112737229  ;  whence,  reckoning  every  game,  one  with  another,  to  take  10  minutes,  it 
would  be  neceflary,  in  order  to  make  it  an  equal  chance  for  the  event  happening  or  failing, 
that  the  gamefters  fhould  play  on,  uninterruptedly,  for  above  two  hundred  thoufand  years. 

Question  IV.    Anfwered  by  ANALrricus. 

IT  is  laid  down,  by  Newton^  as  a  law  of  refrigeration,  that  the  quantities  of  heat  loft,  Ia 
given  fmall  fpaces  of  time,  are  always  proportional  to  the  heat  remaining  in  the  body ;  or  tha^, 
if  the  times  be  taken  in  arithmetical  progreffion,  the  remaining  heats  will  be  in  geometrical 
progreffion ;  reckoning  thefe  heats  to  be  the  ezcefs  by  which  the  body  is  warmer  than  the 
{unrounding  atmofphere. 

Suppofe,  therefore,  that  h  is  the  temperature  of  any  body  above  that  of  the  atmofphere^ 
and  that  it  cools  d  degrees  in  one  minute.    Then>  by  the  above  law,  its  temperature  at  the 

end  of  one,  two,  three,  &c.  minutes,  will  be  A  —  J,  A— rf  (-^)i  A— rf  (--7—)    &<5-    ^^ 

a  b 

h  —  d^b  (— ^)  >   h  (-^ )    &c.    Whence,  univerfally,  its  temperature  at  the  end  of  m 

b  h 

minutes  will  be  h  (^^)*',  and  at  the  end  of  n  minutes  h  (^)". 

And  if  thefe  temperatures  be  determined  by  experiment,  and  denoted  by  a  and  h  re- 

h^d  m  h  ^'  ■  d  m 

(peftively,  we  Ihall  have  h  (-7—)    =  ^9  and  b  (-t~)    =  *  >  from  which  equations  b  is 

n  I 


found  =  f .,  or  log.  h  •= (//  log.  a  —  wlog.  J),  and  i=Ax{i  —  — I  ) 


m  n  ^  m 

1 


ji'^fft  H^^  tn  ^^  m  n^^tn  i       §  j  \n^^  ttt 


X  ^  —  Alfo  -7—  =  —  =  r  =x  rate  of  cooling. 


m  1  ha 


a 


B  b  a  Again^ 
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Again^  becaufe  h  (—7—)    is  the  temperature  of  the  body  at  the  end  of  m  minutei,  and 

b 
i6—  An 

h  (— r— )  its  temperature  at  the  end  of  n  minutes^  either  of  thefe  foriiis  will  ezprefs  the 
temperature  of  any  body  at  the  end  of  any  given  time,  from  its  firft  beginning  to  cool ;  and 
their  difference  h  (-^T  —  *  (-"T")"  or  *  X  (-7--)    "^  (-r-)     ^*  *c  ^^^  which  the 

0  b  b  h 

body  would  lofe  between  the  times  m  vand  n  \  h  and  d  being  found  as  above* 
In  like  manner,  fince  h  (-^)    =  «j  or  ("T"      --  "ir»  ^^  ^^^  \i'^st  m  log.  — ^  :=: 

h  b  h  h 

log.  -?,  or  m  (log.  ^  —  rf —  log.  h)  =  log.  a  —  log.  h  \  and  confequcntly  m  =  — g*  <>  —  og> — 
^  log.i.-i/-log.;&. 

=  time  which  a  body  takes  in  cooling,  till  it  arrives  at  the  obferved  temperature  a. 

And  if  it  be  required,  as  in  the  queftion,  to  find  the  degree  of  heat  to  which  any  body 

has  been  cxpofed,  we  fliall  have,  in  this  cafe,  hr  =  number  of  degrees  between 
that  temperature  and  tlie  heat  to  .which  the  body  has  been  raifed  in  the  time  nu     Hence 

I  —  hr     =  number  of  degrees  the  body  has  been  heated,  which  call  / \  then  h  —  hr  . 

=  / ;  from  which  equation  h  is  found  =  ,  where  r,  m  and  /  are  known  terms. 

Thefe  formulx  will  be  found  of  confiderable  ufe  in  feveral  branches  of  chemiftry,  and 
are  capable  of  a  number  of  pradical  applications,  which  are  left,  for  the  prefent,  to  the  con«» 
fideration  of  the  reader. 


NEW  MATHEMATICAL  ^ESTIONS. 

Question  Vn.     By  PT.  T.  of  Bath. 

AS  a  proper  fequel  to  Queftion  III,  it  is  propofed  to  determine  the  odds  againfl  the  dealet 
and  his  partner,  at  the  game  of  whift,  having  between  them  all  the  thirteen  trumps. 

Question  VIII.    By  S.  S.  of  Reading. 

Given  a    -+-  ^    =  r,  to  determine  the  value  of  at,  cither  by  logarithms  or  a  converging 
feries. 


SCIENTIFIC   NEWS. 

Letter  from  Sir  BENJAMIN  THOMPSON^  Kt.  Count  of  Rumford^  F.  R.  S,  to  the  Right  Hon. 
Sir  Joseph  Banks^  Bart.  K.  B.  P.  R,  S.  announcing  a  Donation  to  the  Royal  Society  for 
the  Purpofe  of  infituting  a  Prize  Medal  *. 

.xxT  the  anniverfary  of  the  Royal  Society,  held  the  30th  of  November  1796,  the  Prc- 
fident  acquainted  the  Society  that  Count  Rumford  had  transferred  one  thoufand  pounds 

* 

'^  From  the  Tranfadtions  for  179 7. 
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three  per  cent  confolidated  Bank  Annuities  to  the  ufe  of  the  Society,  on  certain  conditions 
ffated  in  a  letter  to  the  Prefideht  \  vhich  "was  read  as  follows : 

**  DESIROUS  of  contributing  efficacioufly  to  the  advancement  of  a  branch  of  fcicnce 
\ehich  has  long  employed  my  attention,  and  which  ^appears  to  me  to  be  of  the  higheft 
importance  to  mankind  ;  and  wi(hing  at  the  fame  time  to  leave  a  lading  teftimony  of  my 
refpe£l  for  the  Royal  Society  of  London,  I  take  the  liberty  to  requeft  that  the  Royal  So- 
ciety would  do  me  the  honour  to  accept  of  one  thoufand  pounds  (lock  in  the  three  per 
cent,  confolidated  public  funds  of  this  country;  which  (lock  I  have  aftually  purchafed,  and 
which  I  beg  leave  to  transfer  to  the  Prcfidcnt,  Council,  and  Fellows  of  the  Royal  Society  ; 
to  the  end  that  the  intereft  of  the  fame  may  be  by  them  and  their  fucceflbrs  received 
from  time  to  time  for  ever,  and  the  amount  of  the  fame  applied  and  given,  one©  every 
fecond  year,  as  a  premium  to  the  author  of  the  moil  important  difcovery  or  ufeful  im- 
provement which  fliall  be  made  and  publiftied  by  printing,  or  in  any  way  made  known  to 
the  public,  in  any  part  of  Europe  during  the  preceding  two  years,  on  Heat  or  on  Light ;  the 
preference  always  being  given  to  fuch  difcoveries  as  fliall,  in  the  opinion  of  the  Prefident 
and  Council  of  the  Royal  Society,  tend  moil  to  promote  the  good  of  mankind. 

•*  With  regard  to  the  formalities  to  be  obferved  by  the  iPreCdent  and  Council  of  the 
Royal  Society,  in  their  decifions  upon  the  comparative  merits  of  thofe  difcoveries,  which, 
in  the  opinion  of  the  Prefident  and  Council,  may  entitle  their  authors  to  be  confidered  as 
competitors  for  this  biennial  premium,  the  Prefident  and  Council  of  the  Royal  Society  will 
be  pleafed  to  adopt  fuch  regulations  as  they,  in  their  wifdom,  may  judge  to  be  proper  and 
Beceflary.  But  in  regard  to  the  form  m  which  this  premium  is  conferred,  I  take  the 
liberty  to  requeft,  that  it  may  always  be  given  in  two  medals,  ftruck  in  the  fame  die,  the 
one  of  gold  and  the  other  of  filvcr,  and  of  fuch  dimenfions  that  both  of  them  together  may 
be  juft  equal  in  intrinfic  value  to  the  amount  of  the  intereft  of  the  aforefaid  one  thoufand 
pounds  ftock,  during  two  years  ;  that  is  to  fay,  that  they  may  together  be  of  the  value 
of  fixty  pounds  fterling. 

**  The  Prefident  and  Council  of  the  Royal  Society  will  be  pleafed  to  order  fuch  device  or 
infcription  to  be  engraved  on  the  die  they  ftiall  caufe  to  be  prepared  for  ftriking  thefe  me- 
dals, as  they  may  judge  proper. 

**  If,  during  any  term  of  years,  reckoning  from  the  laft  adjudication,  or  from  the  laft 
period  for  the  adjudication  of  this  premium,  by  the  Prefident  and  Council  of  the  Royal 
Society,  no  new  difcovery  or  improvement  (hould  be  made  in  any  part  of  Europe,  relative 
to  either  of  the  fubje£ls  in  queftion  (Heat  or  Light),  which  in  the  opinion  of  the  Prefident 
and  Council  of  the  Royal  Society  fhall  be  of  fuflicient  importance  to  deferve  this  premium, 
*  in  that  cafe  it  is  my  defire  that  ^he  premium  may  not  Ue  given ;  but  that  the  value  of  it 
may  be  referved,  and,  being  laid  out  'in  the  purchafc  of  additional  ftock  in  the  Englifh 
funds,  may  be  employed  to  augment  the  capital  of  this  premium  \  and  that  the  intereft 
of  the  fame,  by  which  the  capital  may  from  time  to  time  be  fo  augmented,  may  regularly 
be  given  in  money  with  the  two  medals,  and  as  an  addition  to  the  original  premium,. at 
each  fucceeding  adjudication  of  it.  And  it  is  further  my  particular  requeft,  that  thofe  addi- 
tions to  the  value  of  the  premium,  arifing  from  its  occafional  non-adjudications,  may  be 
fufFered  to  incrcafe  without  limitation. 

4   •  *'  With 
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^<  With  the  bigheft  rtfytdi  for  the  Royal  Society  of  London,  and  the  mod  eameft  wlflies 
.for  their  fuccefs  in  their  labours  for  the  good  of  mankind,  I  have  the  honour  to  be,  &c. 
'  "  London,  July  1 2,  1 796.  (Signed)        "  RUMFORD. 

'  "  To  Sir  Joseph  Banks,  Bart.  K.  B.  Prefident 
of  the  Royal  Society  of  London." 

The  Society  hereupon  refolved,  that 'they  accept  of  the  donation,  and  accede  to  the  con- 
ditions annexed  to  it  by  the  Count ;  and  alfo  directed,  that  a  letter  be  written  to  the 
Count,  acquainting  him  of  this  acceptance;  returning  him  thanks  for  the  liberal  donation, 
'  and  afluring  him  that  the  conditions  annexed  to  it  will  be  ftri£Uy  adhered  to. 


NEW      PUBLICATIONS. 

rOTAGE  dans  les  Alpes,  l^c.  Tom.  V.  VI.  VII.  &  VIII.;  or  Travels  in  the  Alps,  with 
a  Preliminary  Effay  on  the  Natural  Hiftory  of  the  Environs  of  Geneva.  By  Horace  Benedidi 
de  Sauflure,  Emeritus  Profeflbr  of  Philofophy  in  the  Academy  of  Geneva,  and  Member  of 
various  other  Academics ;  two  volumes  in  quarto,  or  four  in  o£tavo.  Printed  at  Neuchatel, 
and  imported  by  De  BofFe,  Gcrrard-ftreet.  Price  of  the  former      ,  arid  of  the  latter  il.  is. 

The  former  volumes  of  the  Travels  of  this  celebrated  author,  fo  rich  in  geological  and 

philofophical  fa£ls  and  obfervations,  .are  too  well  known  and  efleemed  to  require  any  general 

charafler  in  this  place.    Thefe  volumes  are  equally  interefting,-  and  contain  a   treafure 

-of  information,  which,  ncverthelefs,  from  its  peculiar  nature  and  locality  in  many  r^fpefts 

■can  admit  of  no  abridgement. 

The  Firft  Report  of  the  Society  for  bettering  the  Candition  and  IncreaGng  the  Comforts 
of  the  Poor.    Oflavo,  68  pages.     Becket,  London,  1797.     Price  one  (hilling. 

The  contents  of  this  valuable  pamphlet  are  enumerated  with  fo  much  perfpicuity  and 
eflPeft  by  Thomas  Barnard,  Efq.  in  the  Preliminary  Addrefs,  that  I  (hall  have  the  pleafure  of 
giving  them  in  his  own  words : 

<*  Friendly  focieties  arc  the  objefts  of  the  (irft  paper,  which  prefents  an  interefting  detail 
refpe£ling  one  at  Caftle  Eden,  upon  a  fcale  capable  of  general  adoption:  it  contains  an  irn* 
portant  illuftration  of  the  true  principle  of  a£lion  with  regard  to  the  poor,  and  proves  how- 
much  they  may  in  a  (hort  time  learn  to  do  for  themfelves,  and  to  what  a  degree  of  kindnefs 
and  afFeflion  they  may  be  habituated  to  extend  their  intereft  in  the  welfare  of  each  other. 
The  manner  in  which  the  poor  and  indudrious  member  of  that  fociety  has  been  aflifted  in 
fhe  purchafe  of  his  cow,  and  its  beneficial  confequences  both  to  the  individual  and  to  the 
property  with  which  he  is  connefled,  by  increafing  and  improving  the  (lock  upon  it,  is  de- 
ferving  of  attention  and  imitation. 

"  The  fecond  is  an  account  of  a  village  (hop  : — a  fubjefi,  the  importance  of  which  will  be 
felt  by  all  who  intereft  themfelves  in  the  domeftic  concerns  of  the  poor,  when  it  is  known 
that  a  faving  of  20  per  cent,  may  be  thereby  made  to  the  labourer  in  the  purchafe  of  the 
neceflTaries  of  life ;  that  it  is  the  moft  eSeQual  means  to  prevent  his  running  in  debt ;  that 
the  expence  and  trouble  to  the  charitable  founder  of  the  (hop  are  inconfiderable ;  and  that 
it  is  liable  to  no  objeftion  but  what  may  be  eafily  obviated. 

**  The  next  communication  is  upon  workhoufes  of  united  hundreds,  an  enquiry  of  no 
fmall  importance  at  the  prefent  moment.     The  mode  of  their  management  ♦,  and  the  ob- 

«  Sec  Sir  William  Young's  Obfarvations,  publifhcd  in  1788,  and  his  Confidcrations  on  the  Subject  of  Poor- 
honfcs  and  Work-houfcs  j  7  9  6  • 

je£lion$ 
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Jedlom  and  inconveniences  that  attend  them  under  the  bed  regulations  and  management, 
are  dated  with  cleamefs  and  perfpicuity.  The  rules  of  a  fpinning-fchool,  eftablilhed  with 
fiiccefs  at  Oakhami  upon  the  principles  of  Count  Rumford,  is  the  next  in  order ; — a  fchool 
where  the  poor  attend  with  pleafure  and  regularity,  and  thankfully  receive  the  benefit  of 
a  cheaper  and  more  nourifhing  diet  fupplied  to  them  at  a  very  fmall  price  ;  and  for  chefe 
reafons  fimply  :— -becaufe  they  are  allowed  to  continue  free  agents,  and  to  retain  an  option 
on  the  fubje£l  \  and  becaufe  they  have  the  whole  of  their  earnings  inviolably  at  their  own 
difpofal.     May  the  example  be  fpeedily  followed  in  other  parts  of  England  ! 

"  The  fifth  is  an  account  of  the  jail  and  houfe  of  correction  at  Dorchefter.  When  we 
conGder  the  important  confequcnce  of  what,  has  been  efFedled  there,  in  annually  faving,  to 
the  public  and  to  themfelves,  many  perfons  otherwife  abandoned  to  defiru£tion,  we  cannot 
help  lamenting  that  fo  very  few  fimilar  in  (lances  are  to  be  found  in  the  whole  kingdom. 
The  principle  of  this  reform  will  apply,  with  ftill  greater  force,  to  every  meafure  that  re- 
gards the  local  and  domeftic  concerns  of  mankind;  in  all  of  which  it  will  invariably  be  found,- 
that  in  proportion  as  coercion  is  given  up,  and  the  intereft  of  the  party  is  made  the  fpring 
of  a£lion,  temptations  to  vice  will  be  excluded,  and  habits  of  labour  and  honefty  will  be 
gradutiUy  acquired. 

**  In  the  next  paper,  upon  fuel,  the  reader  will  find  a  very  gratifying  proof  that  the  poor 
may  be  eafily  reconciled  to  inclofure,  or  to  any  other  meafure  of  public  benefit,  where  their 
own  feelings  and  interefts  are  only  properly  confulted. 

*^  The  laft  communication  is  on  parochial  relief,  and  the  mode  and  principle  on  which  it 
has  been  adminidered  by  the  magidrates  of  the  hundred  of  Stoke." 

Philofophical  Tranfaftions  of  the  Royal  Society  of  London  for  the  Year  1797,  Part  I. 
quarto,  218  pages,  with  26  pages  of  Mineralogical  Journal,  and  four  plates.  Sold  by  Elmlly, 
London,  price  8s.  6d. 

This  Part  contains:  i.  The  Croonian  Ledure,  in  which  fome  Morbid  Affe^iions  of  the 
drait  Mufcles  and  Cornea  of  the  Eye  are  explained,  and  their  Treatment  confidered.  By 
Everard  Home,  Efq.  F.  R.  S.  2.  Obfervations  on  Horizontal  Refra£lions,  &c.  By  Jofeph 
Huddart,  Efq.  F.  R.  S.  (See  p.  145  of  this  work).  3.  Recherches  fur  les  principaux  Fro- 
blemes  de  I'Adronomie.  Par  Don  Jofef  de  Mendoza  y  Rios,  F.  R.  S.  4.  On  the  Nature 
of  the  Diamond.  By  Smithfon  Tennant,  Efq.  (fee  p»  177}.  5.  A  Supplement  to  the  Mea- 
fures  of  Trees  printed  in  the  Philofophical  Tranfa£lions  for  1759.  By  Robert  Mardiam, 
Efq.  F.  R.  S.  6.  On  the  Periodical  Changes  of  Brightnefs  of  two  Fixed  Stars.  By  Edward 
Pigott,  Efq.  7.  Experiments  and  Obfervations  made  with  the  View  of  afcertaining  the 
Nature  of  the  Gas  produced  by  pafling  Eleftric  Difcharges  through  Water.  By  George 
Pearfon,  M.  D.  F.  R.  S.  8.  An  Experimental  Enquiry  concerning  Animal  Impregnation-. 
By  John  Haighton,  M.  D.  9.  Experiments  in  which,  on  the  third  Day  after  Impregnation, 
the  Ova  of  Rabbits  were  x  found  in  the  Fallopian  Tubes ;  and  on  the  fourth  Day  after  Im* 
pregnation  in  the  Uterus  itfelf ;  with  the  fird  Appearance  of  the  Foetus.  By  William 
Cruikfhank,  Efq.  lo.  Letter  from  Sir  Benjamin  Thompfon,  Knt.  Count  of  Rumford, 
F.R.  S.  &c.  (for  which  fee  p.  189.).  Appendix,  containing  the  Meteorological  Journal 
kept  at  the  Apartments  of  the  Royal  Society* 

Geometrical  and  Graphical  Eflays  \  containing  a  general  Defcription  of  the  Mathematical 
Inftruments  ufed  in  Geometry,  Civil  and  Military  Surveying,  LeveUing,  and  FcrfpeQive, 
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with  many  new  praAical  Problems  ;  illuftratcd  by  thirty-four  Copper-Plates* .  By  the  late 
George  Adams,  Mathematical  Itiftrument  Maker  to  the  King,  &c.  Second  edition,  cor« 
reeled  and  enlarged  by  William  Jones,  Mathematical  Inftrument  Maker.  O£lav0|5i5 
pages.     Sold  by  Jones  in  Holborn,  price  14s.  board^. 

The  charaflcr  of  this  work  is  already  well  known  to  the  public.  It  contains  a  large 
quantity  of  ufcful  matter,  treated  with  much  perfpicuity,  and  illuftrated  by  a  number  of 
accurate  and  beautiful  engravings.  Mr.  Jones  has  confiderably  augmented  and  improved 
the  prefent  edition. 

Count  Rumford's  Experimental  Effays,  Political,  Economical^  and  Philofophical.  Eflay  VI. 
of  the  Management  of  Fire,  and  the  Economy  of  Fuel.  Odlavo,  196  pages,  vi^ith  fix  plates* 
Price  38.  6d.  in  boards.     Cadell  and  Davies,  1797. 

The  reputation  of  this  Author,  as  a  philofophcr  and  earned  promoter  of  the  immediate 
intcreds  of  humanity,  is  fully  edabliflied.  The  prefent  eiTay  is  didinguifhcd  by  the  fame 
clear  and  perfpicuous  detail  of  intercding  fa£ts  and  inferences  as  the  former  EfTays  which 
appeared  before  the  commencement  of  this  Journal.  It  is  divided  into  fix  chapters:  i.  Ge- 
neral View  and  Importance  of  the  Subjefl.  2.  Of  the  Generation  of  Heat  in  the  Com- 
budion  of  Fuel.  3.  Of  the  Means  of  confining  Heat  and  direcling  its  Operations.  4.  Of 
the  Manner  in  which  Heat  is  communicated  by  Flame  to  other  Bodies.  5.  Experiments 
with  Boilers  and  Fire-Places  of  different  CondrucSlions.  Relative  Quantities  of  Heat  from 
various  Fuels.  Edimatcs  of  the  Total  Quantities  and  Lofs  under  various  Circumdances. 
6.  An  Account  of  a  Number  of  Kitchens,  Public  and  Private,  and  Fire-Places  for  various 
Ufes,  which  have  been  condrudled  under  the  Direction  of  the  Author,  in  different  Places. 


*^^  J.  F R  is  refpeclfully  defired  to  reconfider  his  folution  of  ihe  fifth  quedion 

(p.  138) — more  cfpecially  bccaufe  he  has  inadvertently  fuppofed  the  fecond  table  on  p.  39 
to  be  capable  of  affording  the  fpecific  gravities  of  mixtures  of  common  fait  and  water.  For 
the  reafons  there  mentioned,  indcad  of  attempting  to  give  the  fpecific  gravities  anfwering 
to  degrees  from  a  repetition  of  Baume's  experiment,  I  took  the  extreme  number  from  the 
indrument,  as  found  by  De  Morvcau,  and  calculated  the  intermediate  numbers,  as  they  cor- 
rcfpond  with  equal  clifTerenccs  of  immerfion,  of  a  cylindrical  ficm;  which  was  the  cafe  above 
die  fird  fifteen  degrees,  and  probably  alfo  in  thofe  very  nearly.  Various  authors  have  given 
the  fpecific  gravities  of  the  folutions  of  common  fait.  The  following  table  was  formed  by 
experiment  with  very  fine  dry  crydals  of  marine  fait,  by  Dr.  Watfon,  now  Bifliop  of  LandaiF, 
I  have  extra£led  it  from  a  paper  inferted  in  the  fupplement  to  the  thirteenth  volume  of  the 
Journal  de  Phyfique,  page  76,  for  the  year  1778.  I  fuppcfe  it  to  be  taken  from  the  Philo- 
sophical Tranfaftions,  but  have  not  at  this  time  the  opportunity  of  confuhing  the  whole  fet. 

A  TABLE  of  the  Specific  Gravity  of  various  Solutions  of  common  Salt,  at  the  Tem- 
perature of  between  46°  and  55°  of  Fahrenheit.     Quantity  of  Salt  by  Weight  =  i. 
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ARTICLE    I. 

An  Account  of  the  Niw  Syjem  of  Meafures  eflabllfbed  in  France.     By  Ch.  Co^EBERr\ 


F 


O  R  feveral  centuries,  reafon,  good  faith,  and  all  the  principles  of  focial  order  have 
exclaimed  again  (t  the  diverfity  of  meafures  in  France.  Nothing  was  wanting  for  the  de- 
ftru£iion  of  this  abufe,  already  condemned  by  the  public  opinion,  but  a  favourable  concur* 
rence  of  circumilances.  The  members  of  the  Conftituent  Aflembly,  charged  by  their  eledors 
to  eftablifli  at  lad  that  uniformity  which  had  conftantly  been  demanded  by  the  States 
General,  and  no  lefs  frequently  promifed  by  Minifters,  gave  charge  to  the  Academy  of 
Sciences  to  dire£t  their  refearches  to  this  great  change.  There  was  no  doubt  t)f  finding  in 
the  learned  a  fufficient  degree  of  zeal  fbr  a  work  that  muft  facilitate  the  communication  of 
intelligence,  extend  the  dominion  of  reafon^  and  economife  that  time  of  which  men  the 
mod  in(lru6ied  are  ever  the  moli  fparing.  From  this  rare  and  valuable  concurrence  be* 
tween  the  fciences  and  the  legiflation  has  refulted  the  fyftem  we  are  about  to  explain  to  our 
readers.  In  this  fyftem  they  will  difcem  the  chara£ler  of  a  work  independent  of  peculiar 
times  or  individual  locality.  Its  authors  have  been  aware  that  they  could  not  worthily  ferve 
the  French  nation  in  this  refped,  without  embracing  in  their  plan  the  interefts  of  the  whole 
human  race.  They  were  dedrous  that  their  labours  ihould  be  ufeful  to  all  nations ;  and 
that  the  commerce  which  ferves  to  unite  them  might  everywhere  fpeak  the  fame  language. 
It  is  more  particularly  on  this  account,  that  inftead  of  confining  themfelves  to  render  the 
meafures  of  Paris  of  general  ufe  throughout  France,  they  have  fought  in  the  nature  of 
things  for  the  invariable  bafis  of  a  complete  fyftem  connected  in  all  its  parts. 
The  pendulum  was  propofed  in  the  laft  century  to  ferve  as  the  original  of  all  meafures ; 
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but  it  prefented  two  inconveniences :  the  iirft,  that  the  divifion  of  time  is  in  itfelf  ar- 
bitrary • ;  the  fecond,  that  the  meatures  thence  refulting,  and  geographical  meafures  de- 
pending on  the  magnitude  of  the  earth,  Would  have  no  mutual  agreement  f. 

The  preference  was  given  to  refer  all  meafures  large  and  fmall  to  the  terrcftrial  globe. 
Among  the  great* circles  which  meafure  its  circumference,  the  preference  was  not  given  to 
the  equator.  The  nature  of  the  countries  over  which  it  pafTes,  renders  the  obfervations  too 
difficult.     The  determination  was  made  in  favour  of  meridians!. 

The  whole  meridian  was  not  taken  as  the  unity  for  fubdivifion,  for  two  reafons :  ;Jic  firft, 
becaufe  the  quadrant  is  a  true  unity  for  mathematicians  and  aftronomers,  as  is  well  known 
to  all  that  cultivate  the  fciences ;  fecond,  becaufe  the  magnitude  of  the  circumference  of 
the  earth  is  known  to  us  only  by  conje£lure.  -All  the  great  aftronomical  and  geodefial 
undertakings  have  been  performed  in  the  northern  hcmifphere.  We  have  yet  no  corrcft 
notion  of  the  figure  of  the  fouthern  hemifphere.  It  would  even  refult  from  the  obferva- 
tions of  Lacaille,  at  the  Cape  of  Good  Hope,  that  the  terreftrial  fpheroid  is  more  flattened 
on  this  fide.  No  hypothefis  can  be  admitted  in  a  fubjeft  of  this  nature.  The  learned 
could  therefore  propofe  as  a  fundamental  unity  that  only  which  was  well  known  to  them^ 
namely,  the  diftance  from  the  north  pole  to  the  equator. 

This  diftance  is  obtained  with  certainty  from  the  meafure  of  an  arc  of  the  meridian  in- 
terfefled  by  the  forty-fifth  parallel.  France  alone  offers  in  a  civilifed  country  an  arc  of  the 
requifite  magnitude,  which,  if  wc  comprehend  a  fmall  part  of  the  Spaniih  territory,  terfni- 
nates  in  the  fea  at  both  extremities.  This  arc  has  befides  the  advantage  to  have  been  re- 
peatedly meafured  with  the  utmoft  care.  Two  celebrated  aftronomers  are  at  this  moment 
employed  on  this  operation ;  not  that  it  is  prefumed  that  the  refult  of  their  labour  can  have 

*  We  reckon  86400  feconds  in  a  day;  becaufe  the  day  is  divided  into  24  hours,  and  the  hour  into  60  mi* 
BUtes.  Every  other  divifton  would  render  the  element  of  time  longer  or  (horter,  and  accordingly  influence  the 
length  of  the  pendulum.  The  pendulum  which  fliould  nwke  one  hundred  thoufand  ofcillations  in  a  day,  would 
be  only  i.i%i  feet  in  length,  whereas  the  pendulum  for  fcconds  is  three  feet  7.11  lines  under  the  equator.  C. 

Ail  the  meafures  in  this  paper  muft  be  underftood  to  be  Frenchi  as  I  have  thought  it  unneccfi'ary  to  make 
any  other  redudions  but  thofe  in  the  table  p.  199.     N. 

f  Under  the  name  of  geographical  meafures  we  dehote  !n  this  plaa|  the  degrees  of  latitude  and  loi^itude* 
It  is  cummnnly  fuppofcd  that  t  degtcc  of  the  meridian  is  twenty-five  common  leagues  \  but  in  order  to  afford 
this  accurate  quotient  in  round  numbers,  it  is  necefiary  to  reckon  the  league  at  firom  aiKx  to  1283  toifes.  The 
league  cannot  be  at  the  fame  time  a  multiple  of  tlie  pendulum  in  round  numbers,  and  an  aliquot  part  of  a 
degree.     C. 

%  This  notion  /cem's  to  have  prcfented  itfelf  to  the  ancients.  There  are  fatisfaftory  proofs  that  the  cubit  of 
the  Nilometer  in  Egypt,  the  length  of  which  is  1.7x2  foot,  was  contained  four  hundred  times  in  a  iladium,  two 
hundred  thoufand  times  in  a  degree,  and  confcqucntly  feventy-two  millions  of  times  in  the  circumference  of  the 
enrth.  It  is  thought  that  the  great  Pyramid  is  a  monument  of  this  fyftem,  and  that  its  bafc  is  cxa£lly  the  length 
of  the  ancient  Egypnan  ftadium  of  five  hundred  to  the  degree.  The  ancients  had  nercrthelcfs  neglected  to 
ftdopt  an  uniform  methoil  of  divifion,  and  in  this  their  notion  required  improvement.  The  fame  obfervation  may 
be  made  on  the  fyftcm  of  meafures  likcwife  propofed  to  be  deduced  from  the  magnitude  of  the  earth,  in  the 
year  1670,  by  Mouton,  an  aftronomer  of  Lyons.  He  thought  it  necefTary  to  prcfervc  the  divifion  of  a  ctrdc 
into  three  hundred  and  fixty  degrees,  nnd  the  degree  into  fixty  minutes ;  fo  that  he  d«>cs  not  propofe  the  de» 
cimfl  divifion  but  from  the  minute  of  the  meridian.  The  thoufandth  part  of  the  miiuue  of  the  meridian  affords 
a  meafure  of  five  feet  eight  inches  and  a  half,  which  he  propofcs  for  the  ufual  unity.     C. 
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any  fenfible  influence  on  the  ufual  indrumeots  of  mcafure,  bot  to  prefeat  to  Enrop^i  ia 
all  the  parts  of  this  great  operaiion»  a  degree  of  precifion  honourable  to  the  ScieQce8.and 
to  the  Republic. 

It  was  not  thought  hecefniry  to  wait  the  termination  of  their  work  previous  to  afcertain* 
ing  the  didance  from  the  pole  to  the  equator  in  the  ancient  meafures.  It  is  fufficiently 
known,  by  the  obfervations  of  learned  men,  that  the  length  of  a  degree  of  the  meridiani 
taken  at  an  equal  didance  from  the  pole  and  the  equator,  is  57027  toifes. 

It  is  like  wife  known,  that  from  this  mean  degree  the  degrees  become  longer  each  by  about 
twelve  toifes  in  approaching  the  pole,  and  ihorter  in  the  fame  proportion  iby  advancing  to* 
wards  the  equator,  on  account  of  the  oblate  figure  of  the  terreftrial  globe  towards  the  poles* 
This  degree,  interfe^ied  by  the  forty-fifth  parallel,  is  therefore  the  mean  term  o£.an  arithme* 
tical  progrefilon,  ^hich  multiplied  by  90  will  give  the  diilance  from  the  pole  to  the  equaton 

57027  multiplied  by  90  produces  5132430  toifes,  or  30794580  feet. 

This  is  the  fundamental  unity  expreffed  in  ancient  meafures  from  the  iron  toife  of  the 
Academy,  fuppofed  to  be  at  the  temperature  of  1 3-  degrees  of  Reaumur's  thermometer. 

If  the  new  obfervation  fhould  give  this  didance  a  minute  quantity  larger  or  fmaller,  tC 
will  not  be  neceflary  on  that  account  to  change  the  number  of  toifes  which  reprefent  it.  It 
will  be  fufficient  to  vary  in  the  proper  dire:tion  the  affumed  temperature  of  the  iron  toife  t. 

The  unity  being  thus  determined,  the  fecond  dep  was  to  divide  and  fubdivide  it  in 
fudi  a  manner  as  to  obtain  linear  meafures  appropriated  to  the  different  ufes.  An  ef!en« 
tial  condition  was  to  choofe  a  proper  number  to  be  employed,  and  to  employ  it  condantly 
and  exclufively,  in  order  to  reduce  the  arbitrary  elements  of  the  fydem  as  much  as  poffible. 
Some  learned  men  were  defirous  that  the  number  12  might  be  adopted,  becaufe  djvifible 
immediately  into  the  half,  the  quarter,  and  the  Gxth  \  others,  on  the  contrary,  being  im« 
prefled  with  the  inconvenience  of  thefe  fra£tion8  of  variable  denominators,  would  have 
preferred  fome  prime  number,  fuch  as  7  or  it,  which  would  have  rendered  the  ufe  of  all 
fuch  fra&ions  impracticable*  But  very  effedlual  confiderations  proved  decifive  in  favour 
of  the  number  10.  For,  ?.  This  number  is  in  fome  refpeft  pointed  out  by  nature,  fince 
we  find  the  decimal  pumeration  among  nations  which  do  not  appear  to  have  had  any 
Cjommunicatiop. 

2.  Nothing  can  be  better  adapted  to  facilitate  calculations,  than  to  fuhje£t  the  divifion  of 
meafures  to  the  brdiuary  laws  of  arithmetic ;  whence  the  converiion  of  one  meafure  into 
another  of  a  fuperior  or  inferior  order  is  effc£tedby  a  fingk  droke  of  the  pen,  and  frac* 
tions  may  be  worked  with  the  Qime  eafe  as  whole  numbers.  This  lad  advantage  could 
not  be  united  to.  thofe  vrhich  were  fuppofed  to  exid  in  the  numbers  7,1 1  and  12,  with- 
out' entirely  changing  the  fydem  of  oral  and  written  numeration ;  an  enterprife  which 
perhaps  is  out  of  the  power  of  any  government  to  accomplifh. 

The  didance  from  the  pole  to  the  equator  being  taken  as  the  fundamental  uni(y,  and 
the  number  10  for  the  only  divifor,  conditute  the  (imple  and  produ£five  principles  on 

^  Men  of  fcience  agree  that  the  mealbre  of  the  arc  of  the  meridian  may  he  depended  on  to  the  Ave  thou- 
iandth  part  (or  barely  to  four  placet  of  figures.  N.).  If  therefore  it  ihould  happen  that  the  error  amounu  to 
the  utmoft  poi&ble  quantity,,  it  w^uH- bet  epttrtly  remedied  by  fuppofiog  the  toife  to  be  lengthened  or  (bortened 
ope  five- thoufaodtb  p^nby  tliq  tSkCi  of  Mfaperature.  £v«ry  degref  of  vari^tiont  a^cordbg  to  tlit  (bale  of 
Reaumur,  produces  on  the  length  of  an  iron  bar  a  variation  of  one-75000th  part,    C. 
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which  thii  ffftem  is  edablifhed.  They  arc  fo  little  arbitrary,  that  pofterity,  even  if  our 
books  and  monuments  were  loft,  might  eafily  recover  them  \  whereas,  for  want  of  a  clue 
of  this  nature,  the  learned  are  not  yet  agreed  concerning  the  true  dimenfions  of  moft  of 
the  Greek  and  Roman  meafures.  Magnitudes  arbitrarily  taken  cannot  be  preferved  but 
by  means  of  metallic  ftandards,  which  are  altered  by  time  or  negligence,  and  in  the  revo- 
lution of  empires  are  totally  loft.  The  French  nation  will  have  no  variation  to  fear  in  its 
meafures,  becaufe  it  has  referred  them  not  to  the  periftiable  works  of  man,  but  to  every 
thing  which  is  moft  durable  in  nature. 

Names  were  to  be  affixed  to  each  of  the  meafures  rcfuking  from  the  fyftem  we  have 
expofed.  It  was  not  enough  to  denote  them  by  their  relation  to  the  fundamental  unity,  and 
to  fay,  for  example,  the  hundred  thoufandth,  the  millionth,  or  the  ten  millionth  part  of  the 
quarter  of  the  meridian.  Thefe  are  definitions  \  but  the  mind  has  need  of  particular  figns» 
to  give,  as  it  were,  a  body  to  each  idea. 

The  words  primes,  feconds,  thirds,  and  the  like,  might  have  been  ufed  to  denote  each 
degree  of  the  decimal-  divifion.  And  thefe  words  would  have  pofleiTed  the  advantage  of 
always  denoting  the  proportion  of  each  of  thefe  inferior  unities  to  the  prototype  which  is 
the  bafis  of  the  fyftem. 

It  was  thought  proper  to  follow  another  method,  perhaps  lefs  exad,  but  more  conform-^ 
able  to  the  ordinary  practice.  Having  arrived,  after  feven  fucceflive  divifions,  to  a  mea* 
fure  of  three  feet  eleven  lines  and  forty-four  hundredth  parts,  which  is  the  ten  millionth 
part  of  the  fundamental  unity,  a  name  was  given  to  this  ufual  and  portative  meafure, 
adapted  to  take  place  of  the  foot,  the  toife,  and  the  ell.  It  was  called  metre.  Proceed- 
ing afterwards  from  this  meafure  as  the  common  unity,  its  multiples  have  been  named  bj 
prefixing  to  the  word  metre^  one  of  the  Greek  words  deca,  hecaton  or  he£to,  chilib  or 
kilo,  and  myria,  which  fignify  ten,  a  hundred,  a  thoufand,  and  ten  thoufand ;  and  its  fub^ 
multiples  by  means  of  the  Latin  prefixes  deci,  centi,  milli. 

Confequently  a  decametre  is  a  meafure  confifting  of  ten  metres  (30  feet  nine  inches% 
proper  to  be  fubftituted  in  place  of  the  meafuring  chain  for  land. 

The  kilometre  and  the  myriametre  are  itinerary  meafures  $  the  one  of  1000,  and  the 
other  of  10,000  metres  (513  and  5132  toifes),  the  firft  being  equal  to  a  fmall  quarter  of  a 
league,  and  the  fecond  two  medium  leagues,  or  one  poft. 

Ten  myriametres  make  the  looth  part  of  the  quarter  of  the  meridian^  which  may,  if 
thought  fit,  be  called  the  decimal  degree. 

The  decimetre,  or  i  oth  part  of  a  metre,  anfwers  to  three  inches  eight  lines  and  four  points* 

The  centimetre,  or  looth  part  of  a  metre,  is  four  lines  and  five  points* 

And  laflly,  the  millimetre  is  five  points  and  a  third. 

Every  other  kind  oC  meafure  is  derived  from  the  metre  and  its  parts;  fuch  as  the  mea>-^- 
fures  of  land,  of  folids,  of  liquids,  of  grain,  and  even  of  weights  and  coin.     The  whole 
is  therefore  derived  from  the  fame  origin,  and  the  fyftem  exhibits  a  complete  whole. 

A  portion  of  land  of  one  fquare  decametre,  or  one  hundred  metres  fquare,  has  received 
the  name  of  are. 

A  fquare  he£lometre,  or  ten  thoufand  fquare  metres,  conftitutes  one  hundred  ares,  or 
an  he£^are.  Thefe  are  the  agrarian  meafures,  fubftituted  in  the  place  of  the  perch  and  the 
acre  (arpcnt). 

The 


New  Sjjfem  •/  Weights  unj  Meafurei  ofJPranee.  197 

The  cubic  metre  receives  the  name  of  ftere  when  employed  to  meafure  wood  for  foel^ 
In  which  it  is  fubftituted  for  the  cord  and  other  ancient  meafures.  The  tenth  part  of  the 
ftere,  or  deciftere,  cor^efponds  very  well  with  the  meafure  commonly  called  folive  in  the 
commerce  of  wood  for  carpentry. 

A  velTel  of  a  cubical  form,  having  for  its  fide  one  decimetre,  or  a  cylindrical  vefTel  of 
the  fame  folid  contents,  has  received  the  name  of  litre.  It  contains  about  two  pounds  of 
water,  or  twenty-five  ounces  of  wheat.  It  is  aflumed  as  the  element  for  meafures  of  ca« 
pacity,  and  every  other  meafure  of  this  kind  is  confidered  as  the  decimal  multiple  or  fub- 
multiple  of  this.  So  that  we  have  the  decalitre  of  ten  litres,  containing  fixteen  pounds  of 
wheat,  or  four-fifths  of  the  buihel  of  Paris  %  the  he£kolitre,  which  contains  near  160,  or 
two-thirds  of  the  fetier.  One  thoufand  litres  are  equal  in  capacity  to  the  cubical  metre. 

With  regard  to  weights,  the  original  weight  is  taken  to  be  equal  to  the  quantity  of  dif- 
tilled  water  contained  in  a  cubical  veflel,  the  fide  of  which  is  one-hundredth  part  of  the 
metre.  This  water  weighed  in  vacuo,  and  at  the  temperature  of  melting  ice,  is  equal  to 
eighteen  grains  and  eight  hundred  and  forty-one  thoufandth  parts.  The  denomination 
gramme  is  given  to  this  weight,  and  from  the  gramme  are  deduced  by  multiplication  or  di-^ 
vifion  all  the  weights  fuperior  and  inferior. 

So  that  in  afcending  we  have  the  decagramme  equal  to  af  gros* 

The  he£logramme  equal  to  3:^  ounces. 

The  kilogramme  equal  to  2  pounds  5  gros  49  grains* 

The  myriagramme  equal  to  about  20^  pounds. 

And  by  defcending  we  have  the  decigramme,  which  is  nearly  2  grains* 

The  centigramme,  j^th  of  a  grain  nearly. 

And  the  milligramme,  which  is  nearly  the  i-50th  of  a  grain. 

Laftly,  the  divifion  may  be  carried  to  the  ten-thoufandth  part  of  a  gramme,  which  may 
be  fubflituted  for  the  eiTayer's  weight  of  the  5 1 2th  part  of  a  grain. 

We  fee  therefore  that  the  gramme  is  placed  between  two  feries  of  like  number  of  terms ; 
the  one,  which  increafes  to  the  myriagramme,  with  which  all  heavy  weights  will  be  ascer- 
tained ;  and  the  other,  which  defcends  to  the  ten-thoufandth  part  of  the  gramme. 

It  is  this  confideration  which  hasxaufed  the  radical  name  to  be  given  to  a  weight  fo 
fmall  and  fo  little  adapted  to  the  ordinary  ufes  of  life.  It  is  not  pretended,  that  on  this 
account  it  fhould  be  confidered  as  the  fole  or  even  the  principal  unity.  Like  the  others, 
it  is  merely  a  term  in  the  feries  of  weights  \  any  one  of  the  unities  of  which  may  be  taken 
according  to  convenience.  The  word  radical  could  not  be  applied  to  a  unity  of  a  fuperior 
order,  without  facrificing  much  of  the  regularity  and  method  of  this  nomenclature. 

The  pieces  of  money  being  adjufled  to  a  certain  number  of  grammes,  are  connefted  with 
the  general  fyftem  of  meafures. 

Pieces  of  one  centime  will  be  formed  of  copper,  weighing  one  gramme ;  of  five  cen« 
times,  or  a  fou,  weighing  five  grammes  \  of  one  decime,  weighing  ten  grammes ;  and  of 
two  decimes,  weighing  twenty  grammes.  ' 

In  filver  there  will  be  pieces  of  one  franc  weighing  five  grammes',  and  of  five  francs 
weighing  twenty-five  grammes. 

Laftly,  in  gold,  there  will  be  pieces  of  ten  grammes. 

This  explanation  is  fufficient  to  exhibit  the  fyftem  in  its  true  light>  and  to  (hew  its 
beauty,  fimplicity,  and  numerous  advantages*    Tbofe  who  arcdefirous  of  more  extenfive 

developments^ 
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developments,  will  find  them  in  the  works  publiflicd  by  the  temporary  Comnoiflion  of 
Weights  and  Meafures^  and  by  the  Agency  inftltuted  to  condu£l  this  great  and  ufeful  ope«. 
ration  to  its  end.  We  have  thought  it  neceiTary  to  annex  to  this  memoir,  i.  A  table  of  the 
new  fyftem.  2.  Tables  of  the  relation  between  the  old  (French)  meafures  and  the  new  ;  by 
which  it  is  eafy  to  reduce  the  one  to  the  other.  The  obje£):  of  thefe  tables  is  to  reduce  all 
the  calculations  relative  to  this  transformation  to  fimple  addition.  They  will  likewifc 
ferve  to  determine  the  price  of  the  new  meafures  from  that  of  the  pld.  In  order  to  render 
them  Icfs  voluminous,  the  fimple  unities  are  given  from  one  to  nine  only.  From  the  value 
of  the  unities  it  is  eafy  to  infer  the  value  of  decimal  multiples  or  fraftions,  by  (hifting  the 
decimal  point. 

1^0  thefe  tables  we  h^ve  added  the  logarithms  of  the  ratios  between  the  old  and  the  new 
meafures. 

By  this  means  every  one  who  is  engaged  either  in  the  art  of  mining,  or  the  fcicnces  re- 
lating to  the  fame,  will  find  colle£led  in  one  view  all  that  is  wanting  to  facilitate  the  iludy 
and  the  praftice  of  the  new  fyftem. 

%*  The  table  numbered  2  in  the  original,  occupies  con(iderable  fpace,  and,  though  of  great  Utility  to  the  in* 
habitant  of  France,  is  comparatively,  of  fmali  importance  to  any  other  nation.  It  \i  merely  a  table  for  facilitating 
redudtions  of  the  old  and  new  meafures  of  France  into  each  other,  and  does  not  convey  any  additional  informa* 
tion  to  that  in  the  memoir.     For  thefe  reafcns  I  have  not  copied  ic 

In  the  way  of  curfory  obfer\'ation  on  the  objects  of  this  honourable  and  ufeful  undertaking,  i(  may  be  remarked, 
that  arguments  deduced  from  confiderations  of  the  immediate  numerical  application  of  an  original  meafure,  are  of 
little  confequcnce  as  to  the  choice  of  the  means  of  obtaining  it.  The  chief,  and  indect)  the  fole,  motive  of  pre* 
fcrcnce  muft  confift  in  the  greater  degree  of  accuracy,  or  more  perfe6t  agreement  of  the  rcfults  wrought  out  by 
different  obfervcrs.  In  experiments  to  determine  the  length  of  a  pendulum  vibrating  through  any  known  per* 
tion  of  the  time  employed  by  the  eaith  in  its  rotation,  we  have  to  enquire,  i.  Whether  that  rotation  be  theo- 
retically uniform  }  and  if  not,  what  are  the  quantities  and  periods  of  irregularity,  perceptible  in  fuch  an  experi« 
mcnt }  1.  What  are  the  bed  methods  and  limits  of  error  in  meafuring  the  lengtli  of  a  pendulum  between  itt 
centres  of  ofcillation  and  fufpcnfion  ?  3.  Whether  the  errors  from  temperature  can  be  rendered  infenftble  in  this 
meafure  of  time  and  length  ;  and  if  not,  what  are  their  limits  ?  And  above  all,  4*  What  are  the  tfTcfts  of  th» 
efcapement  part,  or  fimpleil  maintaining  power  in  a  clock  \  atid  what  are  the  be&  means  of  diminiihing  9r  re- 
moving  them  altogether. 

In  the  method  of  deriving  an  01  iginal  (landard  from  the  meafurement  of  lines  and  angfes  upon  the  eartli,  the 

obje6ls  of  enquiry  are  certainly  not  lefsnumerous  than  in  the  pendulum ;  but  the  fupcriority  of  one  method  beyond 

the  other  would  require  a  complete  tiearife  for  its  difcufTion.  Among  the  lateft  modern  furvcys,  thofe  of  General 

Roy,  in  the  Fhilolbphic.tl  Tranfj£tions,  made  with  inftruments  of  wonderful  accuracy,  will  afford  the  greateft 

inftruf^ion  to  fuch  as  may  ^^i^i  to  enter  this  path  of  invedigation.     In  the  lad  paper  of  the  continuation  of  this 

Purvey,  by  Lieutenant  Colonel  Williams,  Captain   Mudgc,  and  Mr.  Dalby,  inferted  in  the  Tranfa6tions  for 

1795,  ^  fundamental  bafc  was  meafured  on  Hounflow  Heath,  equal  to  27404.2  £ngli(h  feet,  and  connected,  by 

'Obfervaiion  of  the  angles  of  feventecn  triangles,  with  a  bafc  of  verification  meafured  on  Salifbury  Plain.    As  the 

triangles  prefcntcd  feveral  ranges  of  connection,  thefe  were  computed  from  the  fundamental  bafc,  and  gave  the 

numbers  3^574.^  and  36^73.8   for  the  cicrcme  refults,  exprelling  the  bafe  of  verification  in  feet.    The  meao  of 

thclc,  namely,  56574  3,  proved  to  be  about  one  inch  (horr  of  the  aflual  admeafurement  of  the  bafe  of  verification. 

ItCecms  probable  that  there  may  have  been  fome  fortunaiecoinpenfjdtion  of  ctrors  in  this  wonderful  co-incidence; 

but  the  refult  appears  to  prove,  that  the  method  of  terrcfinal  admeafurement  will  give  an  original  meafure  te 

be  depended  00  for  more  than  four  pkces  of  figures,  and  lefs  than  five.' 

When  furfaccs  and  folids  are  to  be  derived  from  linear  meafures^  if  there  be  any  error  in  the  original  line, 
the  error  in  the  furfacc  or  area  will  be  twice  as  great,  and  that  in  the  folid  three  times  as  great,  as  in  the  line 
very  nearly,  as  may  be  eafily  deduced  from  the  common  procefs  of  involution.  That  is  to  fay^  in  moft  cafes  it 
viriU  wSkGl  the  fame  figure  of  the  rcfuIt.     N. 
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Proportion  betwem  the  Ancient  French  Measures  and  thi  New. 

The  diftance  from  the  Pole  to  the  Equator  beine  \         ^.?.  to^  r^^* 

^  ^  \or  30794580  feet. 


Value  of  the  metre  in  *) 

Paris  ells         -  -  / 

Value  of  the  metre  in  -1 

feet        .        .        ./ 
Value   of    the    fquare^ 

metre  in  fquare  feet  J 
Value  of  the  are  in  poles  ^ 

or  perches  of  1 8  feet  I 

fquare         -       -      -J 
Valueof  the  cubic  metre  -^ 

in  cubic  feet      -      -/ 
Value  of  the  litre  in  Paris  -* 

pints         -         -      -J 
Value  of  the  decalitre"! 

in  parifli  buihels         J 
Value  of  the  gramme  in 

grains,  poids  de  marc 
Valueof thedecagramme  ^ 

in  ounces        -        -  J 
Value  of  the  kilogramme-j 

in   pounds,  poids  de  v 

marc         -         -       -J 


l/>garithint 
of  the  Pro- 
portions. 


0,841712 


9,925164 


3,07946  0,488474 


} 


9,48306 

2,92687 

29,2027 

1,05130 

0,788473 

18,841 

0,327101 

2,04438 


0,976948 
0,466403 

^465423 
0,021725 

9,896787 

1,275104 

9,514681 

0,310561 


Paris  ell  in  1 


0,324732 


Value  of  the  Paris 

metres 
Value   of  the  foot   in 

metres 
Value  of  the  fquare  foot^      iocaci 

in  fquare  metres         J  1  '     ^^^  ^ 
Value  of  the   pole  or^v  | 

perch  of  eighteen  feet  >  0,341, 


1,188,05    0,074836 
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fquare  in  ares 
Value  of  the  cube  foot! 
in  cube  metres         J  0.0342434 

Value  of  the  Paris  pint")        ..^^z: 
in  litres  -        .}  °»95«2o6 

Valueof  the  Paris  bufliel  1      o^q^ 

in  decalitres      -       -  /    *         ' 
fValue  of  the  grain,/«W/ "i  5 

de  marCf  in  grammes  J     '  j^   ' 
Value  of  the  ounce  in  i  ^ 

decagrammes      -    -j  3>^57 
Value*  of   the    pound,^ 

poids  de  marc^  in  kilo-  >  0,489146 

grammes         *        -J  j 


Logarithmt 
of  the  Pro- 
portions. 


0,511526 
9,023052 

9>5  33597 

8.534577 

9>97827S 
0,103213 

8,724896 
k5,48S3«9 
9,689439 


II. 

Analjjis  of  a  Memoir  of  Citizen  BONHOMME  on  the  Nature  and  Treatment  of  Rachitis ^  or  the 

Rickets* 


T, 


[Concluded  from  page  177.] 


HE  following  are  the  experiments  by  which  Citizen  Bonhomme  appears  to  have  fuc« 
ceeded  in  proving  this  truth.    I  (hall  tranfcribe  his  own  words. 

<*  I  caufed  feveral  young  fowls  of  the  fame  incubation  to  be  fed  in  different  manners. 
Some  received  the  ufual  food  without  any  mixture  \  others  received  daily  a  certain  quantity  of 
calcareous  phofphate  mixed  in  the  fame  pafte  as  formed  the  fupport  of  the  others;  and  laftly, 
one  of  them  was  fed  with  variations  in  the  ufe  of  the  mixture:  the  calcareous  phfjfphate  was- 
fometimes  given  and  fometimes  fufpended.  When  thefe  fowls,  after  two  months,  had 
acquired  their  ordinary  growth,  I  examined  and  carefully  compared  the  ftate  of  their  bones* 
The  progrefs  of  the  olfification  in  the  epiphyfes  was  various  according  to  the  nature  of  the 
food  the  animal  had  received.  The  bones  of  the  laft  fowl,  which  had  received  the  phof« 
pbate  only  from  time  to  time,  were  rather  more  advanced  than  the  bones  of  thofe  which  had 
6  been 
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been  fed  without  mixture.  The  bones  of  thofe  fowls  which  had  been  habitoallj  fed  wtth 
the  mixture  were  evidently  more  folid,  and  their  epiphyfes  were  much  lefs  perceptible. 
Simple  infpedion  was  fufficient  to  (hew  tl^fe  differences  when  the  bones  were  mixed 
together. 

•*  I  had  fed  feveral  young  fowls  of  the  fame  incubation  according  to  another  plan.  Some 
were  fed  on  a  fimple  pafle^  without  mixture ;  for  others  it  was  mixed  with  pulverifed 
madder-root  \  and  a  third  compofition  was  made  of  this  lad  pafte  and  calcareous  phofphate. 
This  was  alfo  given  habitually  to  other  fowls.  When  after  two  months  I  examined  the 
progrefs  of  offifieation  in  the  bones  of  thefe  different  animals,  I  eafily  perceived  the  red 
traces  of  the  madder  in  the  offified  parts  of  all  thofe  which  had  ufed  it ;  but  I  obferved'  that 
the  offifieation  was  not  more  advanced  by  the  (imple  mixture  of  this  root  than  by  the  ordi- 
nary food  :  on  the  contrary,  the  bones  of  thofe  fowls  which  liad  fwallowed  the  phofphato 
mixed  with  madder  were  much  more  folid  than  the  others.  The  red  colour  ferved  admira- 
bly to  diftinguifh  the  extremities  of  the  long  bones  from  their  epiphyfes.  After  an  exa£k 
comparifon,  there  could  be  no  doubt  of  the  efficacy  of  calcareous  phofphate  in  favour  of 
the  progrefs  of  offifieation.  The  virtue  of  the  madder  feemed  confined  to  that  of  giving 
colour  to  the  offified  parts.** 

From  thefe  experiments,  it  was  natural  to  make  the  trial  of  calcareous  phofphate  in  ad- 
dition to  the  remedies  made  ufe  of  in  the  treatment  of  rachitic  fubjedis.  Here  follows 
what  the  Author  himfelf  fays,  after  having  fpoken  of  the  exaggerated  praifes  given  by 
Haen  to  the  ufe  of  oyfter-fliells  (odracodermata)  in  the  treatment  of  rachitis. 

^*  Without  pretending,**  fays  he, ''  to  a  refult  fo  brilliant  as  that  announced  by  Haen,  I 
can  affirm  that  the  calcareous  phofphate  has  fucceeded  very  well  in  the  greateft  number  of 
rachitic  fubje£b  to  whom  I  have  given  it.  I  (hall  not  multiply  my  accounts  of  fuccefsful 
caifcs  in  this  place,  but  (hall  relate  only  two  remarkable  inftances. 

^  The  daughter  of  Mr.  Ranchon,  watch-maker,  aged  two  years  and  a  half,  walked  with 
a  feeble  and  tottering  pace,  and  the  extremities  of.  all  her  bones  prefented  epiphyfes  very 
prominent.  In  this  fituation  (lie  exhibited  tlie  appearance  of  imperfed  rachitis,  or  the  firft 
period  of  this  diforder.  Alkaline  lotions,  which  I  immediately  advifed,  were  attended  with 
a  good  ttkSt.  Her  fleep  became  more  firm  ;  and  as  the  firft  paflages  were  in  a  good  ftate, 
I  gave,  without  internal  preparation,  one  fcruple  of  a  mixture  of  equal  parts  of  phofphate 
of  lime  and  phofphate  of  foda  twice  a-day.  In  the  courfe  of  three  weeks  her  legs  were 
perfe£lly  reftored ;  and  this  amiable  infant  has  ever  fince  bad  the  fatisfa<3ion  to  run  with 
fpirit  and  agility. 

"  A  female  infant,  of  the  name  of  Bomrd,  aged  four  years,  had  experienced  from  her 
birth  the  mod  decided  fymptoms  of  rachitis.  The  protuberance  of  the  epiphyfes  and 
tumefa£lion  of  the  abdomen  fird  indicated  the  difeafe.  The  impoffibility  of  fupporting 
herfelf  )nd  walking  at  the  ufual  age  confirmed  thefe  unfortunate  fymptoms.  By  degrees 
the  glands  of  the  neck  and  of  the  mefentery  became  fwelled*,  the  teeth  were  blackened, 
became  carious^  and  were  not  replaced.  This  fituation  became  dill  more  affli&ing  by , 
crifes  almod  periodical  at.  an  interval  of  three  or  four  weeks.  At  thefe  afflicting  periods, 
a  fever  of  confiderable  drength,  cardialgia,  and  even  convulfions,  particularly  in  the  nighty 
were  obfervcd.  The  termination  of  each  paroxyfm  was  announced  or  afcertained  by 
abundant  ftools,  and  the  evacuation  of  urine  drongly  charged  with  an  earthy  fediment.  The  ' 
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Imprudent  eihibition  of  a  purge  at  the  beginning  of  one  of  thefe  crifes  had  nearly 
deprived  the  patient  of  her  life.  In  this  (late  it  was  that  I  beheld  her  for  .the  firft  time  in 
the  month  of  January  1791*  The  alkaline  lotion  was  the  only  remedy  the  mother  adopted 
in  the  firft  inftance,  and  it  produced  a  remarkable  effeft.  After  eight  days  the  infant  was 
fo  much  better  as  to  be  able  to  fupport  herfelf.  The  remedy  was  then  laid  afide,  and 
eight  days  afterwards  the  child  was  incapable  of  (landing  without  fupport.  The  ufe  of  the 
alkaline  fblution  being  renewed,  was  attended  with  the  fame  fuccefs,  and  its  difcontinuance 
waa  again  followed  by  the  complete  return  of  all  the  fymptoms.  In  the  firft  days  of 
March,  the  other  remedies  I  had  advifed  were  exhibited.  The  conftipation  which  had 
always  exifted  becSime  lefs,  and  the  following  crifis  was  effe£led  without  pain.  And  at 
length  the  convulfions,  the  pains,  and  the  crifes  difappeared ;  but  the  impoQibility  of  walk- 
Ing  ftill  remained.  At  this  time,  namely  on  the  fccond  of  May,  I  gave  the  child  the  phof- 
^  phate  of  foda  and  calcareous  phofphate  mixed  together,  in  the  dofe  of  half  a  dram  twice 
afday.  At  the  end  of  the  month  ftie  was  able  to  ftand  upright,  leaning  againft  a  chair^ 
and  the  fwellings  began  to  diminifii.  She  continued  for  a  long  time  afterwards  to  take  the 
mixture  of  the  phofphates.  I  likewife  gave  her  occafionally  one  grain  of*  the  extra^l  of 
bile,  prepared  with  fpirit  of  wine  j  and  at  length  in  the  month  of  July  I  had  the  pleafure  to 
fee  the  patient  run  and  play  in  the  middle  of  the  ftreet  with  the  other  children  of  her  jOwa 

age,  &c. 

^  J,  B.  Magne,  aged  two  years  and  a  half,  appeared  ftrong  and  well  formed.  A  ge- 
neral rachitis  manifefted  itfelf  rapidly  in  his  conftitution,  without  apparent  caufe.  Her 
foon  became  incapable  of  walking,  and  his  relations  learned  from  his  playfellows  that  he 
had  frequently  evacuated  white  and  thick  urine.  Moft  of  the  remedies  and  methods  pro- 
pofed  by  different  authors  were  made  ufe  of.  At  length  difcoupged  at  fo  many  u^ielefs 
trials,  the  parents  gave  up  every  remedy,  and  the  child  remained  incapable  of  walking. 
The  bones  of  the  legs  were  foftened  and  bent.  At  tlie  age  of  four  years  and  a  half  young 
Magne  had  the  fmall-pox  \  the  diforder  was  acute,  but  terminated  happily  without  any 
particular  attention.  When  the  defquamation  was  complete,  the  child  was  no  longer 
capable  of  fupporting  himfelf.  At  this  period  he  was  brought  hither,  and  I  was  confulted» 
I  obferved  that  part  of  the.  bones  were  fo  much  foftened  as  to  occaCon  variations  and  even 
violent  pain  in  his  walk.  I  advifed  a  purgative,  with  alkaline  lotions  and  the  ufe  of  cal- 
careous phofphate,  and  a  proper  regimen.  Eight  days  afterwards,  the  whole  furface  of  the 
&in  was  covered  with  an  infinity  of  fmall  blifters,  refembling  the  itch.  My  prefcriptions 
were  regularly  continued,  and  in  one  month  the  folidity  of  the  bones  was  entirely  iecured. 
For  more  than  a  year  he  has  experienced  no  relapfe.  In  this  cafe  we  may  remark  the  in- 
utility of  the  ufual  xemedies,  the  advantage  of  cutaneous  eruptions,  and  the  efiicacy  of  the 
treatment  I  propofe." 

The  incurvated  fpine,  (though  apparently  confined  to  the  vertebne,  which  bones  are 
not  only  affefled  with  preternatural  enlargement,  but  frequently  alfo  with  caries)  is  this  dif- 
order, I  fay,  to  be  regarded  as  analogous  to  rachitis,  or  at  leaft  to  accidental  rachitis  ? 
Both  have  been  produced  by  the  repercuflion  of  cutaneous  eruptions.  Citizen  Bon- 
homme  relates  obfervations,  in  which  the  two  affedions  are  fo  combined  that  they  ap- 
pear to  form  one  fingle  diforder,  varied  only  according  to  the  parts  affe£lcd.  Is  the  ufe  of 
calcareous  phofphate  applicable  to  the  treatment  of  the  vertebral  difeafe,  to  complete  and 
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accelerate  the  frequently  partial  procefs  of  other  remedies?  The  AnAor  thinks  thlt  tiM 
following  obfervation  is  conclufive  in  this  refpe£^ :  •..».- 

"  At  the  end  of  the  month  of  February  1790,**  fays  this  phyficiani  «*  a  rachitic  chiM» 
^ged  eight  years  (J.  Efprit  Guinde),  was  prefented  to  roe  in  the  General  Hofpital  of  xkM 
town.  He  had  been  for  feveral  weeks  among  the  patients  under  the  care  of  the  futgeoh. 
At  the  firft  moment  a  prominence  of  the  firft  dorfal  vertebrae  was  obfenred,  with  a"  con- 
fiderabie  weaknefs  of  the  legs.  A  large  bliftering  plaiiler  had  been  applied  over  the  cdttrl 
mencing  gibbofityi  and  the  blifter  was  kept  ope^  by  powder  ^f  cantliarides  fof  more  {hiiii 
a  month.  The  fituation  of  the  infant  was  not  amended.  I  remarked  in  this  patient 
all  the  charaAers  of  the  difeafedefcribedbyPott.  I  concluded  that  the  blifter  had  pro* 
duced  as  great  a  difcharge  as  was'  necefiary,  and  that  it  was  more  eflential  to  oppofe  the 
progrefs  of  the  rachitic  habit.  I  ordered  the  whole  of  the  fpine  to  be  carefully  walhed 
three  times  a-day  with  an  alkaline  and  aromatic  lixirium.  The  phofphate  of  foda  was 
mixed  with  twice  as  much  powder  of  burnt  hartfhom.  Of  this  I  gave  to  the  child  one 
fcruple  twice  s^-<lay  in  a  fpoonful  of  foup.  After  the  firft  week  he  was  able  to  walk  with 
afliftance;  by  degrees  the  folidity  of  his  legs  was  re-eftabli(hed,  and  the  fpine  appeared  c6 
recover  itfelf.  And  at  length,  on  the  31ft  of  December,  when  I  quitted  the  fervice  of  that 
hofpitali  the  boy  thought  himfelf  (ufficiently  recovered  to  return  to  his  friends. 

^'  Eight  or  liine  months  afterwards,  I  found  this  unfortunate  child  in  another  hofpital 
appropriated  to  the  reception  of  fcrophulous  patients.  From  his  anfwers  to  the  queftions  I 
propofed,  I  found  that  the  treatment  of  the  month  of  December  had  not  been  continueil 
long  enough  to  deftroy  the  principle  of  the  rachitis ;  that  the  diforder  had  been  as  it  were 
fabdued  during  fix  months,  but  that  coarfe  food  had  developed  it  again.  And  laftly,  that 
the  fwcUing  of  certain  glands,  and  adiminution  of  the  folidity  of  feveral  ribs  and  of  th6 
humerus  of  the  right  fide,  were  the  efFefts  of  its  renewed  aftivity.  I  ordered  purgative^ 
to  be  repeated  every  eight  days,  the  alkaline  lotion,  and  the  mixture  of  the  phofphate  of 
lime  and  foda ;  in  addition  to  which  I  prefcribed  the  ufe  of  the  faponaceous  and  mercurial 
pills.  The  efficacy  of  thefe  remedies  was  very  fenfible.  The  advances  of  the  rachitic  dIC- 
order  were  flopped  ;  the  evacuations  were  kept  up  5  the  dtjiortion  of  4he  ribs  and  of  the  hu- 
merus  difappeared;  but  the  original  gibbofity  remained.  This  deformity,  whidi  could  not 
be  effaced,  did  not  diminifli  the  pleafure  I  had  to  fee  this  child  perfe£lly  cured  after  three 
months  treatment." 

In  moft  'of  thefe  obfervatlons  mention  is  made  of  alkaline  lotions  and  their  beneficial 
cffe£ls.  -  The  following  is  the  Author's  own  account : 

**  In  ordinary  cafes  of  rachitis,  particularly  at  the  commencement  of  the  diforder,  it  is 
of  advantage  to  ufe  a  funple  folution  of  pot-a(h  to  wafli  the  parts  aflTcQed.  This  folutlon 
is  made  by  diflblving  from  half  an  ounce  to  an  ounce  of  purified  pot-afh  *  in  a  pound  of  dif- 

^  M.  Halle,  in  a  note  on  tbb  pa(rage>  oblerTes,  that  pure  pot-aih,  or  the  vegetable  alkali,  is  a  moft  powerful 
cauftiCy  and  cannot  be  ufcd  in  thefe  proportions.  He  found  a  folution  of  only  one-*eighth  part  of  the  (alt  here 
indicated  wa&  too  (Irong  a  lotion  for  the  (kin  of  an  infant  which  was  very  irriubie.  Citizen  Bonhotnme,  upon 
enquiry  made,  acquainted  him  that  the  pot-afh  he  ufcd  was  that  of  the  ihops,  whiph  is  very  far  from 
beuig  in  a  cauftic  ftate.  Probably  it  may  be  the  fame  as  the  common  fait  of  tartar  of  mod  of  our  ihops  in 
Londoo,  which  is  nothing  but  pot-alh  or  pearl-nlh  difTolved  fn  water,  then  filtered,  and  the  water  driven  oS*  by 
tfvapgntion.    It  accordingly  rvtaias  «U  its  falint  impurities.    N. 
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li|le(t  or  very  pore  tfxitig  water.  When  it  is  to  be  ufeci,  the  ftin  muft  firtt  be  robbed 
with  a  dry  rloth,  or  a  piece  of  fine  flannel.  Afrer  this  precaution,  the  difeafed  extremities 
are  to  be  waQied  carefully  with  the  warm  folution,  and  at  length  wiped,  fo  as  to  leave 
no  trace  of  moiftare.  This  praftrce  and  wafliing  niuft  be  repeated  at  leaft  twice  a-day^ 
I  can  afirm,  from  repeated  trials,  that  it  will  foon  be  attended  with  fuccefs. 

^*  llie  folution  of  pot-aAi  is  not  very  coftly ;  neverthelcfe,  the  habitual  and  long  con- 
tisiiied  life  of  this  remedy  for  a  rachitic  patient  in  the  fecond  period,,  becomes  expenfiv.c  to 
poor  parents.  The  lixivium  of  wood-afhes^  whicli  has  been  ufed  for  wafhing  fine  linen,  in 
which  aromatic  plants  may  be  infufed,  becomes  of  remarkable  utility  for  the  rachitic  chik 
dren  of  the  poor.  I  have  feen  the  mod  decided  fuccefs  refult  from  its  ufe.  Several  ehiU 
dren,  who,  after  having  walked  alone,  found  a  difficulty  in  fupporting  themfelves,  were 
waihed  two  or  three  times  a-day  with  this  lixivium,  and  in  the  fpace  of  one  or  two  wccka 
they  walked  with  eafe  and  agility,  &e. 

**  I  have  feen  various  inftances  of  children  cured  of  their  difpofition  to  rachitis  merely  by 
walhing  with  alkaline  liquids ;  but  in  mo(V  cafes  I  have  thought  it  neceflfary  to  fecure  the 
firft  fuccefs  by  other  remedies.  Wlien  the  rachitis-  has  already  made  fome  progrefs,  it  is 
evident  that  all  the  remedies  mull  be  united,  and  fteadily  conthtued.  The  alkaline  lotion  is 
a  remedy  the  more  preferable,  as  it  is  not  at  all  difgufting,  and  fcarcely  in  any  refpe£i 
troublefome  to  children  \  but  the  internal  renriedies  pofiefs  fuperior  eflkracy.'* 

If  the  fads  here  announced  (hould  be  confirmed  by  further  experience,  might  we  not 
hope  to  obtain  fimilar  advantage  in  fuch  other  difeafes  as  attack  the  fubftance  of  the  boneSf 
and  probably  have  more  analogy  to  the  rachitis  than  has  been  imagined  ?  Sudi  afe  the^iM 
ventofa^  fcrophulous  tumours  and  caries,  the  difEcultiea  in  the  formation  of  the  bony  pro« 
eefs,  after  fra£iures,  (lownefs  and  irregularities  of  dentition,  &c.  Thefe  queftionSf  highly 
deferving  of  inveftigation,  are  produced  by  the  Author  of  this  memoir  aa  confequcnces  of 
what  he  has  related.  He  like  wife  conunonicates  (bme  ufeful  notions  lefpeding  the  cafes 
in  which  tlie  other  combinations  of  phofphoric  acid  may  be  employed,  fuch  as  the  phof- 
phates  of  iron  land  of  mercury,  concerning  which  experience  has  yet  afforded  himno-in« 
formation. 

With  the  fame  candour  and  diffidence  as  is  difplayed  by  the  Author  of  this  memoir,  we 
prefent  his  experiments  as  eflays  worthy  of  the  attention  of  enlightened  phyficians.  We  have 
no  doubt  but  the  Author  will  dire£l  his  attention  in  future  to  extend  his  proofs  and  increafe 
the  degree  of  precifion  and  evidence.  And  even  if  others  (hould  go  beyond. him  in  this 
important  enquiry,  he  will  neverthelefs  enjoy  the  honour  of  having  begun  it. 

Let  us  conclude  this  abftra£l  by  a  few  rcfle£tions.  It  feems  to  us^  that  a  multitude  of 
ideas  muft  prefent  themfclves  to  him  who  (hall  meditate  on  the  h£k%  here  difplayed. 
Without  dwelling  on  thofe  which  are  ftill  too  hypothetical,  the  fingle  IzOi  di  the  trant 
ition  of  calcareous  phofphate  through  the  paffiiges  of  circulation,  and  confequently  its  fo* 
lution  in  the  fluids,  and  its  application  to  the  fubftance  of  the  bones,  deferves  the  higheft  at* 
tention.  The  means  which  nature  employs  to  render  the  calcareous  phofphate  foluble  are 
well  entitled  to  the  refearches  of  chemifts :  without  doubt  its  combination  with  foda  may 
have  fome  part  in  this  eflfedi  \  but  it  is  not  lefs  important,  in  this  place,  as  a  remarkable 
phenomenon  in  the  animal  economy,  which  is  efl*entially  conneded  with  nutrition,  and  the 
development  of  our  organs.    If  we  compare  the  experiments  of  Vauquelin  on  the  feminal 
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flaid,  witb  thofe  of  Fourcroy  on  the  ferofity  of  niilk,  and  more  efpeciallyk  a  remarkable  hCt 
commnnicated  to  us  by  this  laft  chemift,  namely,  that  the  nearer  the  milk  of  the  human 
female  approaches  to  the  period  of  parturition,  the  more  the  ferofity  is  charged  with  cal- 
careous phofphate ;  and  the  more  remote,  on  the  contrary,  the  time  is,  fronv  that  moment, 
the  Icfs'ts  the  proportion  of  that  fubftance,  while  the  other  nutritive  parts  of  which  it  is 
compofed  areaogmented  in  an  inverfe  ratio;-— if  we  conGder  that  at  the  epocha  of  gefta*- 
tion  and  parturition  a  diminution  of  foltdity  takes  place  in  all  the  articulations  of  the  mother, 
and  a  relaxation  of  the  cartilages ;  that  fra£lures  of  the  boties  at  this  time  are  mod  particu-< 
hrly  flow  iti  uniting  by  the  formation  of  the  caHofity ;  that  it  is  at  this  very  time  of  change 
in  the  ofleous  fyftem  that  the  milk  becomes  charged  with  calcareous  phoiphate,  vrfaich  it 
k>fes  in  proportion  as  the  infant  and  the  mother  become  more  removed  from  the  time  of 
the  birth ;  fb  that  the  fluids  which  contribute  mod  to  the  formation,  the  growth,  and  the 
nutrition  of  the  foetus,  contain  in  themfelves  the  eflential  principle  of  foltdity,  the  elements 
of  oiCfication;  and  laftly,  thac  it  is  not  till  this  ofliification  tiB  very  dtflihd,  and*  the  digeftive 
organs  of  the  infant  are  fufficientiy  ftrengthened'  to  anfwer  the  purpofes  and  the  work  of 
animalization,  that  thebafis  difappears  from  l^e  milk  of  the  mother;— we  (hall  be  compelled 
to  acknowledge  a  particiilar  dire£lion  of  nature,  by  which  the  calcareoua  phofphate  beeomes 
the  matter  of  a, peculiar  fecretion,  eflentially  ordained  to  give  firmnefs  to  our  organs>  and 
to  confolidate  the  firft  elements  of  mam 

May  tbefe  refledions  impart  to*  medical  men*  a*  convF^bibn  how  truly  important  the 
phyfical  fcienees  may  become  to  their  relearches,  though  too*  often  regarded  as  merely  ac- 
eeflliny  to  medical  fcience !  May  they  fee  the  advantage  and  neceflSty  of  ftudying  the  pro- 
grefii  of  nature  in  thefe  refpeds  !  For  it  is  by  thefe  fcienees,  and  more  efpecially  by  the 
improvements  of  animal  aoalyfis,  which  are  rapidly  advancing,  that  we  may  probably  expeA 
in  a  fhort  time  to  diminifli  the  uncertainty  of  a  large  number  of  our  methods  of  pradiice, 
and,  to  fpeak  freely,  the  too  frequent  ambiguity  ofow  conjefiures. 
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AhfiroB  9f  a  Memoir  read  at  the  Sitting  of  the  French  National  TnJIitute  on  the  26/A  Pluviofe^ 
containing  an  Accouat  ofjbme  Experiments  concerning  the  SeSion  wUcb  Cylinders  of  Camphor 
undergo  at  the  Surface  of  Watet's  with  ReJteSions  on  the  Motions  which  accompany  this 
Seffion.  By  J.  B.  VENTVRJi  Prcfejfor  of  Natural  Pbih^h}  at  Modena^  Mimhtr  of  the 
InfHtute  of  Bologna^  isfc*  * 
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.OMIEU  formerly  obferved,  that  fmall  pieces  of  camphor  have  a  progreffive  and  ro^ 
tatory  motion  upon  water,  and  attributed*  thir  eflfedi  to  eledricity.  Lichtenberg^  attributed 
it  to  the  emanation  of  an  ethereal  fpirit  from  the  campfior  itfelf.  Volta  produced  the  fiime 
morion  of  turning,  by  throwing- upon  water  fmall  bodfes  (baked  in  ether,  orparricles  of  the 
acids  of  benzoin  and  amber.  Brugnatelli  found*  that  the  bark  of  aromatic  plants  moves 
cm  the  furface  of  water  like  camphor.  There  was  always  a  certain  myfterious  caprice  m 
diefc  motions,  according  to  which  they  fomerimes  could  not  be  produced ;  and  on  other 
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the  water,  but  cannot  continue  their  motion  becaufe  the  film  whicli  they  form  at  the  fun* 
face  of  the  water  is  notdiilipatcd  in  the  atmofphere.  From  this  lad  obfervation  the  Author 
deduces  this  coufequencef  that  volatility  and  the  odorant  property  are  not  qualities  neceflary 
to  produce  thele  rotations.     Volatility  is  merely  neceiTary  for  their  continuation. 

At  the  end  of  his  memoir^  the  Author  fpeaks  of  certain  other  motions  obferred  in  na» 
ture^  which,  by  the  mechanifm  of  their  caufe,  are  in  fome  refpecl  analogous  with  the  motions 
of  oily  bodies  at  the  furface  of  water.  In  bodies  brought  near  the  fire,  the  humidity  re- 
tires always  to  the  extremities  mod  remote  from  the  fire  itfelf ;  becaufe  the  vapour  which 
is  difengaged  from  the  part  mod  heated  repels  the  reft  in  the  oppofite  dire£^ion.  So  like- 
wife  drops  of  water,  tlirown  on  an  ignited  plate  of*  metal,  remain,  and  are  agitated  in  die 
form  of  a  fphere ;  becaufe  the  vapour  which  is  produced  by  the  contact  of  the  plate  agi- 
tates them,  and  does  not  permit  them  to  touch  the  metal.  By  the  fame  principle,  it  is  ' 
very  eafy  to  explain  the  motions  of  the  tremella  defcribed  by  /  danfon  and  Corti,  which  had 
inclined  fome  naturalills  to  rank  this  byflus  in  an  intermediate  clafs  between  plants  and 
vegetables.  The  tremella  is  a  mafs  of  very  minute  fibres,  which  being  fufpended  in  die 
water  muft  be  fenfible  to  the  flighteft  impreflioa.  It  is  at  prefent  known,  that  plants,  when 
expofed  to  light,  decompofe  tke  water  in  their  veflels,  of  which  they  feixe  the  hydrogene, 
and  extrude  the  oxigene  in  the  form  of  gaS|  by  an  operation  nearly  the  reverfe  of  animal 
refpiration.  If  from  one  of  the  fibres  of  fte  tremella  the  gas  iflues  on  one  fide,  the  fibre 
icfelf  muft  bend  toward  the  oppofite  part.  If,  as  in  large  trees,  the  gas  iflues  front  the  tre- 
mella in  the  greateft  quantity  from  the  fide  of  the  plant  which  is  oppofite  the  light,  the 
tremella  muft  be  repelled  towards  the  fource  of  the  Ught  itfelff  to  which  it  always  tends 
when  Included  in  an  opake  veflel,  into  which  the  light  enters  through  a  hole.  It  is  not 
therefore  neceflary  for  the  explanation  of  this  fa£^,  either  that  we  fliould  fuppofe  any  de- 
gvoe  of  animality  in  the  plant,  or  attra£lion  at  a  diftance  between  the  oxigene  and  the 
light.  In  the  fame  manner,  the  gas  which  is  abundantly  produced  by  the  light  of  the  day, 
becomes  accumulated  between  the  fibres  of  the  tremella,  and  floats  it  to  the  furface  of  the 
water.  The  Author  takes  occafion  to  ^xprefs  his  acknowledgment  to  Citizen  Fouroroy, 
who  afforded  him  the  means  of  repeating  the  experiments  in  his  laboratory,  and  who,  by 
kis  (excellent  leffoQs,  informed  him  of  the  i^Gts  newly  difcovered  fince  the  communicatioa 
between  his  country  and  Frauce  bad  been  unfortunately  interrupted. 


AjwJTIONS  to  thi  preceding  M£MOJR.    In  a  Letter  from  the  AuTHOM  to  Citizen  PoVRCMr. 

Citizen, 

AS  I  underftand  that  an  extract  of  my  memoir  upon  the  fe£tion  of  camphor  at  the  furface. 
of  water  is  intended  to  be  printed,  I  requeft  you  will  add  the  following  fads  and  reflexions: . 

1.  Drj  camphor  is  very  perceptibly  volatilized  under  the  weight  of  the  atmofphere,  at 
the  5Gth  degree  of  Reaumur  (145  Fahrenheit).    It  melts  at  the  120th  degree  (303  Fahren-. 
heit),  and  Its  volatilization  is  then  extremely  rapid.     In  the  Torricellian  vacuum  it  rifes. 
even  at  the  ordinary  temperature  of  the  atmofphere.     This  vapour  has  very  little  elafticity. 
It  cryftallizes  along  the  fides  of  the  tube. 

2.  A  column  of  camphor  is  cut  afunder  much  more  fpeedily  at  the  furface  of  boiling' 
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than  of  eold  water.     Camphor  upon  boiling  water  fublimes  in  great  abundance  with  the 
vapour  of  the  water  itfelf. 

3.  Camphor,  when  floating  upon  water,  turns  and  is  diflipated  by  the  contact  of  the 
oxigene,  carbone,  hydrogene,  and*  azotic  gafes.  Thefe  two  laft  afforded  more  rapid  move- 
ments, and  a  mofe  fpeedy  difEpation.  They  likewife  more  readily  diflTolve  carbone,  phof* 
phorus,  and  fuiphur. 

4.  When  camphor  is  burned  or  heated  on  a  float  at  the  furface  of  water,  if  it  touch  the 
Kquid,-it  gives  a  confiderable  motion  to  its  fi^port;  but  if  it  do  not  touch  the  water,  it  remains 
ihotionlefs.  The  motion  is  not  therefore  produced  by  the  fimple  emiflion  of  volatilized 
particles  from  the  carhphor.     An  a£iion  likewife  takes  (>lace  on  the  part  of  the  water. 

5.  This  a£lion  appears  to  me  to  depend  on  the  principle  of  the  motions  of  bodies  which 
float  at  the  furface  of  water,  and  has  been  explained  with  remarl'.able  perfpicuity  by  Monge. 
Of  two  fmall  pieces  of  paper,  twifted  up  and  moiftened,  the  one  with  the  pure  water,  and  the 
other  with  water  well  faturate^  with  camphor,  the  iirft  attrads  and  the  fecond  repels  cam- 
phor on  the  furface  of  water,  which  does  not  afhially  hold  that  fubftance  in  folution.  Water 
confequently  has  more  attraftion  for  folid  camphor,  than  for  the  little  portion  which  it  has 
already  diflblved  to  faturation.  It  mounts  along  the  fcJid  piece,  where  it  forms  a  curvilinear 
inclined  furface.  The  fmall  portion  which  is  diflblved  and  faturated,  defcends  along  this 
inclined  furface,  and  in  its  defcent  it  repels  backwards,  by  the  laws  of  mechanics,  both  the 
furface  itfelf,  and  the  folid  particle  to  which  it  adheres.  This  feparation  of  the  diflblved 
part  accelerates  the  diflipatlon  of  the  folk!  pie^e,  by  aflibrding  a  current  of  water  con Aantly 
renewed.  The  atmofphere  abforbs  that  part  of  the  camphor  which  is  already  diflblved  and 
extended  on  the  furface  of  the  water  \  the  evaporation  being  perhaps  •aflifted  by  a  fmall 
portion  of  the  water  itfelf. 

6.  If  a  drop  of  oil  had  no  afl^ity  with  the  furface  of  the  water,  it  would  lodge  itfelf 
in  a  fmall  cavity;  and,  though  more  elevated  than  the  furface  itfelf,  it  would  preferve  the 
globttlaT  form  by  its  aflSnity  of  aggregation.     But  fiiice  it  extends  in  a  film  over  the  water, 
the  drop  itfelf,  orfome  of  it*  principles,  muft  neceflTarily  be  attradied  in  the  fame  manner  as 
fluids  which  rife  along  the  fides  of  veflela. 

7.  Aivy  ftrongly  impregnated  with  ether,  or  very  hot  exhalations  of  camphor,  exercifes  oa 
the  fmall  floating  particles  at  the  furface  of  the  water  a  repulfion  fintilar  to  that  of  oil,  or  of 
camphor  diflplved  without  heat  in  the  water  itfelf.  The  former  are  elaftic  fluids,  and  the 
latter  fimple  Ikyuids.    They  rnuft  not  be  confoi^nded  together. 

I  kave  perhaps  dwelt  too  long  upon  a  fubje^l  which  foems  rather  to  be  mutter  of  curiofity 
that!  immediate  utility.  But  it  is  always  a  pleafure  to  me  to  embrace  an  opportunity  of 
expreiEng  my  efteem  and  atlaehmeat  to  you. 

J.  B.  VENTURI. 
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IV. 

^'Afialxftsoffcur  Specimens  of  Steel :  with  Refleclions  on  the  nenv  Methods  employed  in  this  Anatjfis* 

By  Giizeh  Vau^elin  ♦•  '       , 

» 

Pyeliminary  U^OTJS  of  the  (French)  EdjtOR. 

1  H  E  .ftcels  which  Citizen  Vauquelln  has  analyfcd  were  fcnt  to  the  Council  of  Mines 
liumbered  ^b^a^  864^,  977  and  1024.  Thefe  fteels  were  produced  at  the  forge  of  RenN 
inelfdorfF,  fituated  in  the  canton  of  Grofs-Remmelfdorff,  in  the  department  of  theMofcIlei 
at  the  diftance  of  5000  metres  north  from  BouzonYiUe,  and  the  left  fide  of  the  Nied. 
The  crude  irons  which  are  there  refined  come  from  the  furnaces  of  Dilling  and  Betting, 
which,  according  to  the  report  of  Citizen  Dietrich,  obtain  their  iron  (tone  from  the  com* 
munes  of  Grefaubach  and  Steinbach,  as  well  as  from  the  foreft  of  Hommelfwald ;  and  their 
calcareo[us  fiox  (caftine)  ftom  the  woods  of  the  commune  of  Merfching*  The  eftabliih- 
-ment  coufifts  of  two  fineries,  one  large  hammer,  two  fmaller,  and  a  heating  furnace.  Citizen 
Seller,  the  proprietor,  had  eftablifhed  before  1785  a  manufa£lory  of  fteel  by  cementation, 
which,  after  having  been  abandoned  for  feveral  years,  has  again  been  put  into  a£ttnty« 
The  cementing  furnace  contains,  according  to  the  account  fumiflied  by  this  citizen  him- 
self to  the  Council  of  Mines,  about  fi^  thoufand  weight  c^  iron,  and  can  be  charged  two  or 
three  times  a  month. 

Citizen  Dietrich,  who  vifited  this  eftablifhment  in  1 785  by  order  of  Gofernments  inipeAed 
the  proccfs,  and  the  furnace  of  Citizen  Soller,  of  which  he  gave  the  moft  advantageous 
account.  By  this  report  it  is  feen  that  Citizen  Soller  ufes  coak  for  cementation  \.  We 
think  it  may  be  of  advantage  to  tranfcribe  in  this  place  the  report  winch  was  made  on  thefe 
fame  fteels  in  1786,  by  the  Commiflaries  of  the  Academy  of  Sciences.  It  is  thus  by  com- 
paring the  refults  of  operations  performed  in  manufaSories  under  the  infpe£don  of  learned 
•  men,  with  thofe  afforded  by  the  chemical  analyfis,  that  we  may  hope  to  learn  to  what  extent 
the  nature  and  proportion  of  the  conftituent  parts  may  influence  the  qualities  of  fteds 
and  whether  we  may  expe£t  from  chemical  fcience  new  and  direA  methods  of  afcertaiiling 
'what  kinds  are  beft  appropriated  to  the  difierent  ufes  of  this  fubftance  in  the  arts* 

EMtraEl  from  the  Regifiers  of  the  Academy  of  Sciences^  March  15,  1 786. 

ON  the  I  jth  of  February  laft,  Mr.  Soller  prefented  fome  fteel  of  cementation  from  bis 
works  at  RemmelMorflF,  in  Lorraine,  near  Saar-Louis.  The  Academy  has  chaiged  Mn 
Vander  Monde  and  myfelf  to  gWc  an  account  of  the  fame. 

We  muft  diftingiiifii  three  kinds  of  fteel,  each  of  which  poflefli^  properties  relative  lo 
thft-\itfferent  ufes  they  are  applied/ to. 

I.  Natural  fteel  (acier  de  fonte)  is  obtained  immediately  from  the  crude  iron.    This  fteel 

is  ufually  unequal  in  its  cpiality ;    fubjed  to  have  cracks  and  fcales ;    is  lefs  hard  and 

•brittle  than  the  two  other  kinds;  welds  better,  and  b  principally  tlfcd  for  inftruments  of 

♦  Journal  des  Mines,  public  par  Ic  Confcil  des  Mines  par  la  Rcp\ibliquc,  N®  XXV.  i. 
t  Houille.    Doubtlefs  as  the  fuel  ^  not  as  the  cementing  compound.    N> 

hufbandry. 
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faufbamk^,  common  cutlery,  and  fprtngs.  As  this  kind  of  (l<;el  demands  left  expence  in 
its  fabrication,  it  is  of  courfe  the  cheapeft.  The  greateft  quantity  \%  imported  (into  France) 
from  Germany. 

2.  The  fecond  kind  is  fteel  of  cementation*  It  prefents  a  more  equal  grain  in  its  frac- 
ture, and  takes  a  better  poliih  than  the  former.  It  is  alfo  harder, <nore  brittle,  and  requires 
niore  particular  attention  in  the  forging.  This  kind  being  more  perfe£l,  is  of  great  (ife  in 
all  the  circamftances  which  require  the  qualities  here  mentioned. 

3.  Laftiy,  the  tliird  kind  is  caft-fteel,  obtained  by  fufion  of  one  of  the  other  of  the  fore- 
(Toing  kinds.  It  is  charaderifed  by'its  uniformity  of  texture,  and  is  deprived  of  thofe  fca- 
brous  places  which  are  obfervable  even  in  the  (leel  of  ceiAentation.  This  third  kind  of 
fteel  is  therefore  fufceptible  of  the  mod  beautiful  polifh,  and  is  proper  to  form  razors,  lan- 
cetSj  ornamental  work,  wire-plates,  laminating  rollers,  &c.  The  Englifh  have  hitherto 
been  almolt  totally  in  pofielBon  of  the  manufa^ory  of  caft-fteely  which  is  the  mod  valuable 
of  anf. 

■  Four  bars  of  cemented  fteel,  manufa&ured  by  Mr.  Soller,  and  chofen  from  among  the 
fteels  of  different  qualities  in  his  .warehoufe  at  Paris,  were  fubmitted  to  the  following  ex- 
periments : 

With  the  firft  piece  fome  hook-tools  *'  for  turning  iron  were  made.  They  forged  very 
well^  the  fteel  being  very  hard  in  the  fire,  and  confequently  eafy  to  be  wrought.  The  hook- 
tools,  on  trial,  proved  very  good.  A  graver  for  turning  iron  in  the  turn-bench  was  made 
out  of  the  fame  piece.  It  was  tried  upon  fteel^  and  found  to  be  as  good  as  an  EngliOi 
graver- 

'    The  fecond  piece  war  u(ed  to  make  a  plane  iron  for  metal.    It  fucceeded  perfe£Uy  well, 
and  kept  its  edge  in  planing  iron  as  long  as  thofe  which  are  made  of  Englifh  fteel. 

Out  of  the  third  piece,  which  was  doubled  into  three,  and  welded  upon  a  piece  of  iron, 
II  carpenter's  chifel  was  made  26  lines  in  breadth.  The  fteel  welded  perfectly,  without  re- 
quiring any  particular  care.  The  edge  proved  very  good,  and  on  comparifon  with  an 
£ngli(h  chifel  of  the  fame  dimenfions  it  was  found  to  poflefs  the  fame  qualities. 

A  carpenter's  chifel,  14  lines  broad,  was  made  out  ofthe  fourth  piece  of  fteel.  It  welded 
extremely  well,  and  proved  to  be  as  good  as  the  foregoing  inftrument.  The  workmen  eftimate 
that  a  greater  number  of  Englifh  chifels  would  be  found  at  the  venders'  below  than  above 
this  quality. 

Mr.  Soller  likewife  fent  to  the  commiffioners  a  fample  of  iron,  which  was  part  of  the  tie 

•  The  hook-tool  is  ufed  by  the  tumert  of  ftrong  metallic  work  \  but  from  its  fteadinefsy  and  other  good  qua- 
lities, it  well  defervet  to  be  applied  in  many  delicate  operations  with  fteel  and  brafs,  by  a  numerous  let  of  work* 
OKn  in  this  capital  who  are  entirejy  unacquainted  with  it.  Its  ufual  form  is  that  of  a  hook  or  daw,  leis  than 
half  an  inch  long,  proceeding  nearly  at  right  angles  ^m  the  fide  of  a  ftraight  ftem,  which  laft  terminates  below., 
in  a  point.  The  cutting  edge  is  at  the  extremity  of  the  claw,  and  is  varioufly  figured,  according  to  the  nanire 
of  the  work.  By  bearing  the  angular  point  on  the  Reft  of  the  lathe,  the  claw  may  be  applkd  to  the  work  with 
great  power  and  fteadinefs,  while  the  perpendicular  handle  bears  againft  the  ihoulder  of  the  workman.  The 
ileel  commonly  ufed  in  London  for  this  inftrument  is  called  flieer-fteel,  from  its  mark.  The  edge  ftands  very 
well  againft  foft  fteel,  when  the  tool  is  a  litde  harder  than  a  hard  faw,  or  juft  capable  of  yielding  to' a  good 
Lancafrire  file.  If  it  be  harder,  there  is  a  greater  probability  of  its  breaking.  This  kind  of  work  is  perfbrmed 
by  a  flow  motion,  with  the  conftant  applicauoa  of  water  to  the  piece  to  preyent  heating.  It  is  obviotta  firoia 
thde  fa^t  thai  tenacity  is  the  requifilc  moft  wanted  here.    N. 
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of  a  fagigoit>6rfteeU'atl(lmkuufa<9:ured  out  of  a  mixture  of  half  its  weight  of  old  iron  with 
the  fame  quantity  of  pig-iron.  This  iron,  from  which  the  ftcel  prefented  to  the  Academy 
appears  to  have  been  made,  is  of  the  (irft  quality.  It  cannot  be  broken  without  tearing. 
It  extends  under  the  hammer  with  the  greateft  facility,  whether  heated  or  cold. 

The  famples  of  (leel  from  Mr.  SoUer  exhibited  in  thefe  trials  the  qualities  of  the  ordi^ 
nary  ftcd  of  cementation  which  we  receive  from  England  under  the  name-of  acier  punte  *« 
Like  that  (leel,  they  may  be  twifted  while  hot  without  cracking,  but  they  cannot  be  com« 
:pared  with  the  fine  EngUfli  fteels. 

Mr.  Seller  has  likewife  communicated  to  us  the  details  of  \m  procefsy  and  the  defigii  of 
his  furnaces.  We  have  every  reafon  to  believe  that  he  may  fabricate  (leel  of  an  excellent 
quality.  But  to  prevent  the  obje&ions  which  might  be  made  on  the  fuppofition  that  thefe 
'pieces  had  been  fele£led,  he  has  drawn  out  the  whole  contents  of  a  cafe  of  (leel  made  by  a 
new  cementation.  This  fteel  wiU  be  fent  to  us,  with  every  atteftation  in  form  which  can 
he  defired.  We  (liall  fubmit  it  in  like  manner  to  difierent  trials,  and  render  an  account  to 
the  Academy.  In  the  mean  time,  we  are  of  opinion,  that  the  enquiries  and  the  nnder- 
taking  of  Mr.  SoUer  are  among  thofe  which  the  Academy  will  never  fail  to  apphud. 

Done  at  Paris,  at  the  Academy,  March  15,  11786.  f  VANI])ER  MONDE 

(Sigtied)  \  AND 

IBERTHOLLET. 

1  certify  that  the  prefent  extnrA  agrees  with  tti  original,  and  the  judgment  of  the 

Academy. 

Paris,  March  18,  1 786.  (Signed)      CONDORCET. 


SECTION      I. 

INTRODUCTION  f. 

THE  analyfis  of  (leels  is  one  of  the  leaft  advanced  and  mod  difficult  parts  of  chemiftry^ 
more  efpecially  when  the  accurate  proportions  of  conflituent  parts  are  required  to  be  de- 
termined. 

The  agents  commonly  made  ufe  of  to  difunite  thefe  principles  do  themfelves  fofier  part 
of  their  elements  to  cfcapc,  which  re-a£l  on  thofe  of  the  (leel,  and  put  them  into  a  (itua- 
tion  which  renders  it  difficult  to  form  any  edimate. 

Thus,  for  example,  we  find,  that  when  ftcel  is  diflblved  in  the  fulphuric  acid,  diluted 
with  water,  the  hydrogene  gas  which  is  developed,  diflblves,  and  carries  with  it  a  portion 
of  carbonc,  the  quantity  of  which  varies  from  a  great  number  of  circumftances. 

The  infufficiency  of  the  methods  hitherto  propofed  for  acquiring  tfiis  knowledge  is  well    - 
fhewn  from  the  rcfults  they  have  afforded  to  thofe  who  invented  thtm,  and  who  were  no 
le(s  (kilful  in  experiments  than  in  the  art  of  reafoning. 

It  is  well  known  that  we  are  indebted  to  Bergman  for  the  firft  analytical  procefles  with 
iron  and  fteel }  and  that  little  addition  has  been  made  10  them  fince.    But  thefe  procefles 

a 

♦  If  this  fp«r-ftecl  ?    N. 

t  This  word,  and  fcvcral  other  fentenccs  or  fubordintte  titles,  ippcsr  in  the  margin  of  the  origiaal  af  fide- 
iK>tes.    I  have  infcrted  them  m  the  text.    N. 

are 
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are  Inac^tltatdi  as  we  fliall  fhew  in  the  courfe  of  the  prefent  liiMiAfi  Mid  i^  it  4fo' appears 
from  the  different  VefUlts  h!^  obtamed  from  the  inalyfis  of  ratiolis  kihd^  df  Aed,  the  ufaal 
properties  of  which  did  not  indicate  fo  great  a  difference. 

It  is  admitted,  fince  the  valuable  experiments  of  BergAiaxi,  and  particularly  thofe  of 
Berthollet  and  Mange,  that  ftcel  differs  from  pure  iron  only  from  the  prefence  of  a  cer* 
niin  ^ifantity  of*  carbohej^ 'Which  is 'intithately  combined ;  a  proportion  which  perhaps  may 
admit  of  fome  degree  of  latitude  \  but  #hith|  neverthelefst  if  above  or  below  a  certain 
quantity,  affords  either  an  over-cemented,  brittle,  and  tob  fttfible  kind  of  fteel,  or  elfe  ftcel 
which  too  Dearly  approaches  to  iron  in  its  qualities. 

.  If  fteei  were  merely  and  conftantly  a  combination  of  carboxfe  and  iron,  in  determined 
quantities,  it  would  be  eafy  to^fcartain  this  point  once  for  all;  bet  it  almoft  always  happens, 
that  fteel  contains  filex,  phofphorus,  and- fbmetimes  mangaiidfe,  of  •  which  the  influence 
Upon  the  qualities  of  the  fteel  is  not  known,  even  on.the  fuppofition  tibat  fteel  is  necef* 
farily  no  more  than  a  combination  of  iron  an4  carbone.  r  _;^ 

-  if  we  admit  that  thefe  different  fubftances  are  not  indifpehfable  to  the  tonftittttion-  of 
fteel,  it  muft  neverthelefs  be  allowed  that  they  will  aflnsf):  its  properties  by  greater  or  lefs 
modifications,  dependent  on  their  own  quantities  refpcAively. 

.  If^  therefore,  as  it  feeips  out  of  doubt,  the  various  qualities  of  iron  and  Heel  arife.from 
the  feveral  principles  of  which  they  are  compofed,  and  their  refpe£live  proportions,* it  is 
equally  interefting  to  philofophy  and  the  ar^s  to  determine,  by  chemical  experiments^  wjiat 
influence  each  of  thefe  principles  may  exert  in  the  combination,  and  to  find  by  fiffi^e^  ready, 
and  cheap  experiments,  in  what  ufes  thefe  metallic  fubftances  may  be  moft  advantageoufly 
employed.  But  in  order  to  arrive  at  this  defirable  termination,  a  more  ptecife  knowledge  is 
required  of  the  ufual  properties  of  the  known  kinds  of  iron  and  fteel,  compai'ed  ti^ith  the 
chemical  nature  of  thofe  matters.  There  is  not,  however,  any  other  method  than  that  of 
examining  the  two  means  at  the  fame  time,  by  which  we  may  fucceed  hereafter  in  eftablifhing 
and  fixing  by  chemical  effays  the  qualities  of  the  kinds  of  iron  and  fteel  already  ufed,  and 
even  thofe  which  may  hereafter  be  fabricated. 

It  may  be  eafily  conceived  that  this  undertaking  would  demand  a  great  number  of  ex-* 
^ttttieftf^  Fox*  it  not  only  requires  a  knowledge  of  the  number  and  nature  of  the  elements 
neceflfary  forf  ike  forntation  of  fteel  of  the  beft  quality,  but  likewife  the  proportions  of  thefe 
^leihentS)  which  may  be  infinitely  varied,  and  to  determine  befides  the  modificatioiis  which 
may  be  produced  by  various  quantities  of  fubftances  not  eflential.to  the  conftitulibn  of  this 
nteral. 

In  the  mean  time,  till  circumftances  (hall  permit  the  oxecution  of  this  ufefol  plan, 
I  ptoceed  to  offer  the  refults  of  the  analyfis  of  four  kinds  of  fteel,  the  difliculties  I  have 
found  in  the  progrefs  of  this  work,  the  means  I  ham  ufed  to  overcome  them,  and  the  me- 
thods I  hate  fubftitttted,  inftead  of  ancient  procefles,  to  afcertain  and  raeafore  the  eflential 

and  accidental  principles  of  the  fteel. 

^^^^^^^^^^ 

SECTION      IL 

STEEL,    NO.  864 — 3MALL  PtECE. 

Expmtmnt  L  576  grainsi  or  30^57  grammes^  of  this  fteel,  reduced  into  filings,  and  dif- 
folved  in  fulphuric  acid,  diluted  with  five  parts  of  wateri  afforded  1,98  graifis  of  bhisl^.r^^^^^* 

Experiment 
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Expmnuni  IL     loo  grains  or  5,3  grammes,  of  the  fame  (leel  diflblved  in  the  roquifite 

quantity  of  fulphuric  acidy  producedl  108  inches^  or  ^169  millimetres  cube  of  bydrogene 

gas.     , 

New  Procefi  tofeparate  the  PboJ^hate  of  Iron  from  Steel 

Experiment  IIL  The  excels  of  acid  contained  in  the  folution  No.  i.  having  been  £i« 
turated  with  carbonate  of  pot-afii,  there  were  depofited  1 9  grains,  or  about  one  gftoutte^ 
of  a  white  taftelefs  powder,  completely  fcJuble  in  muriatic  acid. 

This  matter,  boiled  in  a  folutioa  of  caudic  foda,  aiOTumed  a  deep  red  colour,  and  greatlj^ 
diminiihed  in  volume. 

The  liquor  having  been  -filtered,  and  mixed  with  concentrated  muriatic  acid,  gave  nt^ 
fign  of  efiervefcence,  and  formed,  before  and  after  its  mixture  witk  the  muriatic  acid»  a 
white  precipitate,  on  the  ad^tion  of  lime-water. 

This  calcareous  depofition^  being  waflied  and  dried,  was  foluble  ia  acids,  and  wi^ont 
producing  any  efiervefcence ;  whence  we  may  conclude  that  it  is  phofphate  of  lime,  and 
confequently  that  the  fteel  No.  864,  the  fmall  piece,  contains  phofphorm.  Experiments 
ftill  more  pofitive  afford  an  inconteftable  proof  of  the  truth  of  what  is  here  advanced  oi£  the 
nature  of  this  fubdance. 

m 

Tie  Inconvenience  of  ufing  the  Sulphuric  ^cid  to  determine  the  ^tantifj  of  Carbone  contained 

in  Steel. 

CHEMICAL  experiments  having  demonftrated  that  hydrogene,  when  it  develops  itfelf 
from  the  interior  part  of  bodies  which  contain  carbone  in  a  very  divided  ftate,  difiblves  a 
certain  quantity,  which  depends  on  the  more  or  lefs  elevated  temperature,  and  the  more 
or  lefs  rapid  difengagement  of  the  gas,  I  had  reafon  to  prefume  that  the  refults  offered  by 
the  experiment  numbered  i,  could  not  give  an  accurate  expreHion  of  the  quantity  of  car* 
bone  contained  in  the  fteel.  I  therefore  fought  another  method,  in  which  the  iron  diflblved 
without  the  difengagement  of  hydrogene  gas  fhould  afford  the  real  or  abfolute  quantity  of 
carbone  which  renders  it  fteel. 

Nevi  Method  of  accurately  determining  the  ^antity  of  Carbone  contained  in  Steel. 

AS  the  fulphureous  acid  poffeiles  the  double  advantage  of  diflblving  iron  without  producing 
gas,  and  does  not  a£k  upon  the  carbure  of  iron,  it  prefented  this  defirable  requifite. 

Bi^jeriment  IK  I  put  into  a  bottle  288  grains^  or  15,28  grammes,  of  fteelf  in  fine 
filingti  with  about  two  pounds,  or  about  978,24  grammes,  of  diftilled  water,  and  I  pafled 
into  this  Iwttle  fulphureous  acid  gas,  difengaged  from  the  fulphuric  acid  by  mercury  *• 
When  the  fulphureous  acid  had  ceafed  to  z(k  on  the  fteel,  I  carefully  decanted  the  liquor 
with  a  fiphon.  I  waflied  the  black  precipitate  feveral  times  with  diftilled  water.  After 
deficcation  by  the  gentle  heat  of  the  ftove,  it  weighed  feven  grains,  or  about  0,37  granuiies» 

We  fee  that  this  quantity  of  carbure  of  iron  is  much  more  conGderable  than  that  of  tho; 
firft  experiment.  For  576  gave  only  1,98,  whereas,  in  the  prefent  experiment,  I  obtained. 
7  from  288.  But  on  examining  this  matter,  I  found  that  it  contained  fulphur  in  a  ftate 
of  mixture.     For  by  expofing  it  on  a  heated  metallic  plate,  it  took  fire,  like  fulphur  alone. 

•  We  ihaU  not  in  this  defcribe  the  phenomena  which  appear  during  this  operation.  They  have  been  ex- 
poled  by  Citisen  Berthollet,  and  we  have  developed  and  extended  them  to  other  metals  in  a  particular  memoir  on 
the  ncuUic  fiQiphatet.    V« 
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AV*y  Preceffesfer  Analyfing  Sitel.  2 1 5 

To  exlra£t  this  combuftible  fubilance  from  ihe  carbure  of  iron,  I  lieaieci  ihe  mixture  flightly 
with  a  folurion  of  cauftic  pot-afh  ;  and  having  left  the  matter  tg  fettle,  I  decanted  the  fluiiil. 
The  powder,  then,  after  wafliing  and  drying,  weighed  no  more  tlun  four  grains,  and  gave 
no  further  ligns  of  fulphur  by  combuftion  *.  This  cxperimcDt  evidently  proves,  that  i* 
the  experiment  No.  j,  where  fulphuric  acid  was  ufcd,  the  grealcll  part  of  the  carbone  wai 
diflblved,  and  carried  off  by  the  hydrogcne  gas,  fince  576  grains  afforded  only  1,98  grains  of 
this  matter;  though  the  fame  quantity  of  fteel  with  the  fulphureous  acid  afforded  eight 
grains.     I'his  Iteel  contains  therefore  0,014  °^  i'^  weight  of  carbure  of  iron. 

Analyjis  of  tht  Cavhure  of  Iron. 

Eieprrimeiil  V.  To  afccrtain  the  quantity  of  carbolic  contained  in  the  four  graini  of 
carbure  of  iron  obtained  in  the  experiment  No.  4,  they  were  ftibmitted  to  the  a£tion  of  fire 
in  a  fmall  porcelain  faucer,  under  a  muffle.  As  foon  as  the  temperature  was  fufficieiitly 
raifed,  it  took  fire,  and  left  1,9  grains  of  a  grey  yc!lcrwi(h  mafs,  which  treated  with  the 
boiling  muriatic  acid  became  white,  and  was  reduced  to  0,44  grains. 

The  muriatic  acid  acquired  in  this  operation  a  lemon  colour.  It  afforded  wiih  very 
pure  pnifllate  of  pot-a(h  a  blue  precipitate,  and  with  ammoniac  rcddilh  flocks,  which  coii 
lifted  of  oxide  of  iron.  The  0,44  grains  of  white  matter  infolubJc  in  the  muriatic  acid, 
prefented  on  examination  all  the  charaiflers  of  filex. 

From  thefe  experiments  it  follows,  that  the  ftccl  No.  864,  fmall  piece,  contains  phoT- 
phorus,  carbone,  and  filex,  of  which  the  proportion  with  the  niafs  of  iron  is  c(labli(hed  in 
ihoufandth  parts  in  a  table  at  the  end  of  this  memoir, 

•Ejfay  to  difcmn  the  Prefenc*  tf  lAangmeji  in  the  Stetl  No.  864,  Small  Piece. 

Experiment  VL  Bergman  having  announced  the  prefence  of  manganefe  iu  al]  the  iroft 
anditeci  he  examined,  it  became  a  neceffary  part  of  my  plan  to  examine  whether  this 
metal  exilted  in  the  Heel  which  formed  its  object.  Accordingly  I  took  a  known  quantity 
of  the  folulion  of  576  grains,  (  Experimtnt  No.  i,J  from  which  the  phofphatc  of  iron  had 
been  feparated.  1  precipitated  it  by  well  faturatcd  prulSate  of  pot-a(h,  to  which  I  had 
.  added  a  fmall  portion  of  acid,  in  order  that  there  might  be  no  precipitation  of  iron  in  the 
ftate  of  oxide. 

The  waflicd  precipitate  was  then  boiled  with  muriatic  acid  3  little  diluted.  The  maft 
of  the  matter  was  perceptibly  dimiiulhed,  and  the  liquor  affumed  a  purplilh  red  colour  i 
which  phenomenon  led  me  to  prcfume  that  this  fteel  contained  manganefe.  During  the 
folution  or  rather  the  ebullition  of  the  liquor,  a  very  perceptible  fmell  of  pniffic  acid  wae 
emitted.  T^c  muriatic  fluid,  mixed  with  a  folution  of  carbonate  of  pota(h,  afibrded  a 
white  precipitate,  which  became  yellow  by  the  contafi  of  the  air.  This  precipitate,  dried 
■by  the  ftove,  and  cxpofed  to  the  aflion  of  heat,  under  a  muffle,  in  the  cupelling  furnace, 
acquired  a  black  colour.  It  was  again  diflblved  in  the  muriatic  acid>  and,  i^pon  the  addition 
• 
*  It  appcan  chit  pot-alh  &e)i  not  only  on  the  fulptiur,  but  that  it  difTolvei  airo  a  portioa  of  iron.  When  in 
arid  i I  pound  into  the  fluid,  there  ii  found  it  firft  a  black  precipitate,  which  h  foon  followed  by  another 
while  depoficlon.  Thii  precipiiaie  being  tolledled  »nd  examined  afforded  fulphur  and  perceptibie  tracci  of  iroOf 
The  four  grau  at  black  prccijiiiaw  obtaMod  in  thi*  cKpcnaiaii  wc  therefore  cocbon*  in  a  pure  ftatt,  or 
nearly  fo.    V.  : :..      ■ 

of 


ai^  •  EMomi flatten  and  IwpnvunenU  efthe  Anatjfts  of  SieeL 
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ti  prttf&ate  of  pot>aQi^  afibrdcd  pruflMlt  af  ifon  as  beautiful  a8  at  firft*  The  leeoitd  pre* 
cipitate,  treated  as  before,  and  ftrongty  heated  under  a  muffle,  became  at  firft'  bUck,  but  df- 
terwards  acquired  a  browa-red  colour,  wluch  began  to  deitroy  the  opinion  I  had  concetred 
#efpe£ling  the  esiftence  of  manganefe. 

Neverthelefs,  to  clear  up  this  doubt,  I  applied  the  fulphureous  acid  to  the  calchied  pre« 
cipitate,  in  the  hope  of  diflblving  the  manganefe,  if  it  Chould  exift,  without  touching  the 
iron.  But  I  was  convinced  that  a  imall  portion  of  iron  only  Jiad  been  taken  up  $  for  the 
fulphureous  acid  afibrded  a  blue^precipitate  by  the  pruffiate  of  pot-aih,  and  a  deep  green  by 
caudle  pot-afli.  This  proves  at  the  fame  time  that  the  iron  does  not  contain  manganefe, 
and  that  this  method  is  infufficient  to  demonflrate  its  prefence ;  more  efpecially  to  feparate 
it  from  the  iron.  For,  on  the  one  hand,  the  muriatic  acid  decompofes,  or  at  leaft  diflblvesi 
the  prui&ate  of  iron ;  and,  on  the  other,  the  fulphureous  acid  likewife  diflblves  the  oxide 
of  iron* 

"This  procefs  being  founded  on  the  aflertion  of  chemifts,  that  the  pruffiate  of  iron  is  in* 
foluble  and  not  decompofed  in  acids;  and  that  the  pruffiate  of  mangaifefe,  on  the  cootrarjs 
is  eaGlydiflblved  by  the  fame  agents ;— if  the  lad  alTertion  be  true,  the  prefent  experiments 
prove  that  the  firft  is  falfe.  It  is. neverthelefs  probable,  that  the  weaker  acids,  fuch  as  the 
acetous  and  fulphureous,  greatly  diluted,  may  not  have  fo  evident  an  a£^ion  on  the  pruffiate 
of  iron ;  and  that  they  may  be  preferable  to  feparate  it  from  the  pruffiate  of  manganefe.  But 
experiment  has  not  yet  decided  in  this  refpeA,  though  it  is  certain  that  it  is  by  no  means  a 
natter  of  indifference  what  acid  b  employed  in  this  operation. 

Tie  Method  of  Bergman  to  feparate  Manganefe  from  Iron. 

THE  bad  fuccefs  of  this  procefs  engaged  me  to  follow  another  method  propofed  by  Berg- 
man, in  his  Difertation  on  the  White  Ores  of  Iron,  and  other  parts  bf  his  .wotks^  to  lepa- 
rate  iron  firom  manganefe. 

I  took  one  part  of  the  oxide  of  iron  which  had  been  precipitated  froai  tbe  folutioii  of 
the  fame  fteel  by  the  caudic  alk^i,  and  afterwards  waflied,  dried,  and*  x:alcined  in  the  ciir 
pelling  furnace.  Upqn  this  I  repeatedly  boiled  the  nitric  acid  to  drynefs,  ahd  calcining  it 
in  e^ch  operation.  Ladly,  I  treated  it  with  the  (iune  acid  in  which  a.  (imaU  quantity  of 
iugar  had  been  diflblved.  During  this  operation,  a  great  quantity  of  nitrous  gat  was  dif- 
^ngjiged,  and  the  fluid  affumed  a  brown  colour.  After  evaporation  to  dryneft,  and  wa(h- 
iog  of  the  refidue,  part  was  diffolved  in  water.  The  foluticm  afibrdod  a  faeaatifnl  ^hie 
precipits^te  by  the  pruffiate  of  pot-afli,  green  by  caudic  pot- alb,  and  wUte  by  the  car- 
bona^  of  pot-adi. 

.    The  Culphuric  acid,  poured  on  the  ferruginous  ibiution^  did  not  difengage'  nit^ut-  va- 
pours,  but  a  white  fume,  thefmell  of  which  con(iderably.Tefenr>bkd  that  of  the  acetous  acid. 

It  iis  therefore  proved,  that  the  method  propofedby  iiergman,  and;ibllowed  andrepeiatiBd 
by  chemifts  in  general,  is  very  fauhy,  becaafe  it  favours  the  folution  of  iron^  ^fid-tbe  acid 
does  not,  when  applied  to  a  mixture  of  this  metallic  gas  and  the  oxide  of  manganefe,  aft 
exclufively  on  the  latter,  unlefs  by  accident  fuch  a  quantity  of  fugar  flionld  be  employed 
as  might  be  capable  of  forming  fo  much  acid  only  as  could  diiToIve  th^  oxide  of  manga*^ 
.z^efc.  alone.  But  l^^^  is  it  pgiJibll?  H^afc^rtaia.  this  q^witity,  when  the  proportion  of  the 
two  metals  is  unknown  ? 

2  Amw 


jf  New  Method  fir  feparating  Mdnganefi  and  Iron^  and  detefmimng  their  Proportions^ 

I'HE  uncertainty  of  the  methods  propofed  hy  chemlfts  to  afcertain  and  determine  the 
quantities  of  manganefe  contained  in  different  kinds  of  iron  and  fteeli  induced  me  to  feck 
another  which  combines  fimpHcity  and  accuracy.  I  think  I  have  obtained,  in  tliis  refpeO, 
all  the  Aiccefs  which  can  be  deflred  in  a  matter  of  fuch  iltfponance. 

For  this  purpofc,  a  known  quantity  of.  Iron  crude  dr  Walleablc,  oi*  of  fteel,  fiifpefted  to 
contaiti  manganefe,  is  to  be  diflblved  in  fulphtftic  ^cid,  diluted  with  four  or 'five  parts  of 
water.  The  folution  is  to  be  precipitated  with  the  cauftic  alkali ;  and  the  precipitate,  after 
wafliing,  and  drying  in -the  aiir^  is  to  be  calcined  UndeY  the  muffle  of  the  aflayer's  furnace. 
When  the  calcination  is  as  nmch  advanced  as  it  can  be  by  this  metliod,  the  metallic  otidc  is 
to  be  weighed,  and  diflblv&d  in  muriatic  acid ;  and  after  having  evaporated  the  e^cefs  of  acid, 
a  folution  of  carbonate  of  pot-afh,  well  faturated  with  carbonic  acid,  Is  to  be  poured  into 
the  fluid  diluted  with  water,  until  no  more  precipitate  is  afforded.  The  filtered  liquor  is 
then  to  be  boiled;  and  if  it  contains  the  oxide  of  manganefe,  ihls  itietal  will  fall  down  in  the 
form  of  a  white  powder,  which  is  a  true  carbonate  of  manganefe. 

This  ptocefs  is  founded  on  the  confideration  that  the  catbonate  of  pot-a(h|  well  faturated 
ynHa  carbonic  acid,  does  not  precipitate  the  Talts  of  manganefe,  bccaufe  the  quantity  of  car- 
bonic acid  contained  in  the  pot-afli  neccOary  to  the  faturation  of  the  acid,  united  to  the 
oxide  of  manganefe,  is  fufficiently  great  to  hold  the  latter  fubftance  in  folution ;  whereas 
the  ferruginous  falts,  when  theit  bafis  is  highly  oxided,  are  entirely  precipitated  by  the  fame 
re-agents* 

On  this  fubje£t  I  have  made  many  experiments,  fynthetical  and  analytical,  upon  very 
fmall  quantities  of  iron  and  of  matiganefe,  which  have  left  me  no  doubt  with  regard  to  the 
accuracy  of  the  method.  But  the  manganefe  exids  in  iron  in  the  metallic  ftate  ;  and  in 
tl^e  prefent  experimentlt  is  obtained  in  combination  with  oxigene  and  carbonic  acid.  It  is 
neceflary,  therefore,  to  divide  the  mafs,  after  drying  it  in  the  air,  by  2,5.  Thus,  if  100 
parts  of  carbonate  of  manganefe  be  obtained^  the  metallic  part,  will  be  lOO  divided  by  2,5, 
that  is  to  fay,  40. 

I  have  not  yetliad  occafion  to  apply  this  method  to  a  very  great  number  of  Specimens  of 
fteel  or  hron;  thofe  which  I  have  hitherto  examined  have  exhibited  no  traces  of  manganefe. 
Whence  I  am  ftrongly  inclined  to  think  that  Bergman,  who  found  this  fubftance  in  every 
kind  of  ivon  and  fteel,  muft  frequently  have  miftaken  iron  for  mat\ganefe,  particularly  in  die 
inftancc  where  he  affirms  that  he  obtained  30  per  cent> 

[TV  h€  c^ntlnued^ 


V. 

De/iriptum  ^  an  Artificial  Rock  Crjftai  produced  in  the  Humid  JP'ay.     By  M.  TromMRS^ 

DORFFy  Profejfor  ofCbemiJlry  at  the  Univerfity  of  Erfurt  *. 

JlT  is  well  known  tha*  filex,  either  pure,  or  mixed  with  heterogeneous  fubftances>  and  cry- 
fkaUized  in  beiutiful  tranfparent  columns,  conftitutcs  rock  cryftal.    The  curioUs  enquirer, 

*  Journal  dcr  P)iamiacic  fur  Arzte  Apotkeker  und  Chcmiflen;  s  Band.  1  St.  pog.  76, 

Vol.  L— August  1797,  F  f  who 


2l8  jtrtificial  Rod  CfyJIal 

who  foe  the  firft  time  beholds  a  fine  group  of  thefe  cryftalSi  will  naturally  be  difpofeS  t^ 
a(k|  What  are  the  means  employed  by  nature  to  produce  this  form  ?  Does  this  power  ope- 
rate  by  the  humid  or  by  the  dry  way  ? 

'File  fecrets  of  nature  are  concealed  behind  a  thick  veil)  which  is  feldom  to  be  penetrated.. 
Too  often  it  happens,  that  when  we  think  ourfelves  in  poflei&on  of  the  objed  of  our  enquiry^ 
we  find  ourfelves  deceived  by  the  varying  powers  around  us»  which  exhibit  new  forms.  The 
prefumptttous  fpirit  of  man  becomes  impatient  \  cool  experimental  inveftigation  is  laid- 
afide ;  the  powers  of  imagination  are  recurred  to,  and  a  region  of  chimerical  images  prelenti 
itfelf.  Vanity  and  indolence  both  confpxre  to  render  tlie  philofopher  a  creator  of  hypo* 
thetlcal  worlds.  Under  thefe  circumftances  it  is  not  furprifing  that  a  variety  of  difcordant 
theories  have  been  invented  concerning  the  prddu£lion  of  rock  cryftal;  that  imaginary^ 
rcafoning  has  been  offered  and  received,  and  that  no  chemift  has  yet  fucceeded  in  the  ar-^ 
tificiai  produflion  of  this  fubilance. 

The  extent  of  our  deductions  by  analogy  is,  that  filex,  before  its  cryftallization,  mufl: 
have  been  difTolved  in  fome  liquid  ;  but  the  queftion  is  to  determine  which  ?  In  fire  this  is 
not  credible,  for  filcx  is  apyrous.  In  acids? — Except  the  acid  of  fluor  there  is  no  other 
which  acts  on  this  earth,  and  this  2u:id  is  a  folveut  which  would  not  have  again  been  fe<^ 
yarated. 

Bergman  has  indeed  aflTured  usj^  that  he  found  hard  cryftals  having  the  form  of  rock  cry« 
ftal,  in  the  fluate  of  filex  ;  but  as  he  did  not  carefully  examine  them,  we  may  (till  qucftioa 
whether  they  were  true  rock  cryftal. 

Achard  like  wife  attempted  to  imitate  nature,  and  endeavoured,  as  b  well  known^  to  com<% 
pofe  even  the  precious  (tones,  by  means  of  carbonic  acid  ^  l>ut  it  is  alfo  known  that  his  no« 
tions  were  not  confirmed,  and  that  this  celebrated  man  either  deceived  himfelf,  or  was  de- 
ceived by  others  \  for  his  excellent  chara£ter  abfolutely  forbids  the  'fufpicion.  of  voluntary 
deception. 

It  is  known  that  the  alkalis  are  capable  of  diflblving  filex;  it  is  alfo  known  that  the  acids 
only  are  capable  of  dcftroying  this  combination.  The  filex  in  that  cafe,  when  tlie  folutioa 
is  weak,  falls  down.  The  precipitate  is  very  fine  and  tranfparent.  When  the  folution  is 
more  faturated,  it  aiTumes  the  form  of  a  jelly,  or  appears  like  gelatinous  condenfed  flakesj^ 
but  never  in  cryftals. 

Profeflbr  Siegling  the  elder,  my  intimate  friend,  had  prepared  the  liquor  of  flints  after 
the  ordinary  procefs,  which  he  fet  afide  in  a  glafs  veflel  covered  with  paper.  This  fluid 
remained  undifturbed  for  eight  years,  when  by  accident  his  attention  was  di^eCted  to  it,, 
and  he  remarked  a  beautiful  crydallixation.  On  this  occafion  he  had  the  goodnefs  to  fend 
me  the  veiTel.  .  . 

-  • 

It  was  a  jar  of  greenifh  glafs,  capable  of  holding  twelve  ounces.  The  bottom  was  covered 
with  a  number  of  fmall  cryftals,  over  which  repofed  about  two  ounces  of  a  very  tranfparent 
fluid.  This  liquid  was  covered  witli  a  cryftalline  cruft,  fo  ftrong  that  the  vcffcl  could  bet 
inverted  without  any  lofs  of  the  fluid. 

The  jar  was  then  broken,  and  the  contents  more  particularly  examined. 

The  cryftals  at  the  bottom  were  compofed  of  fulphate  of  pot-a(h,  and  cauftic  pot-alh*  Ut 
a  cryftallizcd  (late.  The  fluid  exhibited  the  appearance  of  a  cauftic  lixivium  5  but  which 
had  at  traded  a  fmall  quantity  of  carbonic  acid,  and  (till  contained  a  little  filcx.    Hence 

3  it 
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it  cffcrvcfccdi  and  dcpofited  filcx  when  treated  with  acids.  The  cruft  was  vlfiMy  compofed 
of  two  kinds  of  cryftals.  When  boiled  with  water,  a  great  part  of  thefc  were  diflblved,  and 
afforded,  after  the  evaporation,  carbonate  of  pot-afli.  The  remaining  cryftals  were  tetra- 
hedral  pyramids  in  groups.  Acids  had  no  aftion  upon  them.  They  were  perfcEily  iratif- 
farent^  and  fa  hard  as  to  give  fire  luithfied.  They  difTolved  in  four  parts  of  deliquefcent  pot- 
,a(b,  and  afforded  a  mafs  of  foiuble  glafs,  from  which  filex  could  be  precipitated.  The  fluoric 
acid  attacked  them,  and  diffolved  a  confiderable  part.  They  were  therefore  perfeft  rock 
cryftals,  produced  by  art.  Part  of  the  cruft,  which  was  lefs  tranfparcnt,  fell  down  during  the 
-boiling.    It  was  Gliceous  earth,  fo  hard  and  firm  tliat  it  acled  as  a  grinding  powder  on  glafs. 

Though  I  am  convinced  that  this  obfervation  affords  us  no  light  with  regard  to  the  pro- 
cefs  of  nature  in  the  production  of  rock  cryftal,  it  has  not  given  me  lefs  fatisfaftion,  from  the 
proof  that  it  is  poflible  at  leaft  for  us  to  imitate  this  natural  produ£lion,  though  perhaps  by 
different  means. 

I  explain  the  origin  of  rock  cryftal  in  this  glafs  nearly  in  the  following  manner :  The 

liquor  of  flints  was  very  ^eak,  and  fuper-faturatcd  with  alkali.     This  difengaged  alkali  in- 

fenCbly  attra£led  the  carbonic  acid  from  the  atmofphere,  and  formed  in  this  manner  a  cruft 

•upon  the  liquor,  which  was  at  reft,  and  was  not  therefore  fo  much  expofed  to  the  a£lion  of 

-the  carbonic  acid.     The  alkali  could  not  attra£t  this  laft  principle  but  with  difficulty,  and 

xonfequently  the  fllcx  was  feparated  very  flowly  in  the  form  of  a  fine  powder.    Now  as  the 

moft  perfe£l  repofe  obtained  in  this  operation,  the  fine  particlts  of  the  filex  were  not  difturbed 

an  their  attra£lion,  which  they  exerted  without  impediment,  and  formed  cryftals.     As  foon 

as  a  double  cruft  was  formed  of  carbonate  of  pot-afli  and  rock  cryftal,  the  carbonic  acid  could 

no  longer  penetrate  to  the  liquid  \  whence  followed  a  cryftallization  of  part  of  the  difengaged 

-alkali. 

An  admirer  of  hypothefes  might  apply  this  obfervation  to  the  formation  pf  natural  rock 
'Cryftal.  It  would  be  fufficient  for  this  purpofe  to  fuppofe  that  a  foiuble  mafs  of  filex  and 
foda  was  formed  by  any  fubterraneous  revohition;  that,  by  the  prefence  of  moifture,  this  mafs 
was  converted  into  the  liquor  of  flints,  from  which  afteryvards,  by  a  flow  attradion  of  car- 
bonic acid,  the  rock  cryftal  was  depofited. 

But  it  will  reafonably  be  aflced,  What  has  become  of  the  foda  in  this  operation  ?  Perhaps 
it  may  have  been  neutraKfed  in  the  courfe  of  time  by  other  acids,  or  elfe  (for  it  is  cafy  to 
find  fupport  for  an  hypothefis)  it  may  be  changed  into  magnefia ;  and  in  this  cafe  the  experi- 
ments of  Ofl>urg  and  (bme  other  authors  would  prefent  themfelves  to  be  quoted.  For  my 
part,  I  prefer  an  avowal  of  my  ignorance,  and  am  difpofcd  to  'ay  with  a  certain  poet,  that 
**  no  mortal  can  penetrate  the  depths  of  nature,  and  Tew  evei  the  furfacc."  I  am  never* 
thelefs  defirous  that  this  obfervation  may  engage  other  chemifts  to  repeat  the  experiment, 
^nd  examine  more  particularly  into  the  fa^ls.  Circumftances,  perhaps,  in  part  to  me  unknown, 
may  have  a  marked  influence  on  the  fuccefs  of  the  experiment. 
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Geological  Obffrvationt  on  North'  fTdles  %     By  Mt.  ARTHUR  AlKlN. 

Il  JL  HERE  are  no  proper  volcanic  produilioas  to  be  met  wkh  in  North  Walei*.  Bf 
proper  Tolcanic  Tub Aances  I  mean  aflies,  pumice,  lavai.  and  fcoriat,  or  femi-vitrifiedb  ftoncK 
Ittch  as  are  the-  peauliac  pro<i4i£ts  of  Etna  and  other  acknowledged  volcanos.  A  Tariety 
of  porous  ftenes  may  be  found  on  Cader  Idris,  and  Snowdon  ;.and  thefe  have  been  millakea 
for  cellular  lava ;  they  confi&>  howeveri  merely  of  decompofed  granite,  porphyiy,  or  toact* 
ftone«  Fragments  of  this  laft,  indeed,  I  have  found  in  the  plam  of  Salop>  io,  pocouSy  and. 
penetrated  with  carbonate  of  iron,  as  greatly  to  rcfemble  a  flag. 

IL  Tlie  indefatigable  Saufiure,  whofe  accurate  refeazches  into  the  pofition  and  nature  of 
the  Alps,  and  the  other  furrounding  mountains,  have  defervedly  ranked  him  among  the  moit 
illuftrious.  and  perle|irering  rainerarogifts,  fays,  ia  the  firft  volume  of  his  Voyages,  dana  les. 
Alpes,  ^  It  is  a.general  obfervation,  with  few  exceptions,  that,  in  die  greater  chains  of  moun* 
tains,  the  exterior  ridges  are  of  lime  *,  the  next  contain  flates ;  to  thefe  fucceed  the  primitive 
ftratified  rocks^  and  then  the  granites.'^  The  relative  poCtion  of  the  WelQi  mountains  tends, 
to  confirm  a  remark  made  among  the  Swifs  Alps.  For  if  from  the  central  ridge  of  the- 
Snowdon- chain  (in  which  term  I  compiehend  the  whole  mountainous  extenitof  Caernarvon** 
fiiire  from  north. to  (buth)  we  proceed  to  the  Mcnai,  it  will  be  found. that  the  primitive 
rocks  in  mafs,  fuch  as  the  granites  and  porphyries,  occupy  the  interior  and  higher  peaks^ 
to  the  fide  of  thefe  are  applied  the  banks  of  primitiw  ftratified  rocks;  thenicome  the  flates» 
which  ternunate  in  the  lime^one,  which  forms  the  bank  of  the  Menai.  The  fame  grada« 
tion  of  ftrata  will  appear,  if,  inftead  of  the  weftern,  we  examine  the  eaftem  fide  of  Snow> 
don;  the^variation  isnot  indeed  fo  fudden,  but  perhaps  on  that  very  account  is  more  In- 
terefting,  as  the  fpecies  and  varieties  of  rocks  are  more,  numerous,  and  in  larger  mafles.  From^ 
die  peak,  of  Snowdon^  to  Llanrwft/ tlirough  CapeLCerig^  arefoiuid  granite  and  porphyry 
in  mafs,  micaceous*  fchUlus,  and  other  primitive  ftratified 'rocks ;  ferpentine  in  large  blocks 
and  of  extraordinary  beauty,  and  hornblen  flate  mixed  with  veins  •  and  rocks  of.  quartZi: 
from  the  vale  of  Llanrwft  to  Llangollen  extend,  the  flates,  which  are  there  circmafcribed  by 
the  lime'-fton«  range  already  mentioned*  T>hie  general  difpofiiion  of  the  nolountains  of  North 
Wales  may.be  defcribed  in  a  very  few  words.  There  are  two  ridges  of  primitive  mountains 
cxtendingnearly.due  north  and  fouth,  of  .which  one  is  the*Snowdon  chain,  and  the  other, 
the  Cader  Idris.chsun  (comprehending,  befides-  this  mountain^  the  Arrans  and  other  loftf 
fieaks  that  overlook  the  fouthern  extremity  of  Bala-Pool).  Owing  to  the.near  approach 
t&  the  primitive  and  feccmdary  mountains  to  the  coaft  of  Merioneth,  the  lime,  does  not  coov* 
mence  till  near  the  port  ofCrickaeth;,  hence  proceeding  northwards  in, an  interrupted  line 

*  From  "  A  Journal  .of  a  Tonr  through  North  Wales  and  Pari  of  Shroplhire  ; ,  willr  Obfervatktes  in  Mine-- 
xalogy  and  other  Parts  of  Natural  Hillory."  By.  Arthur  AiUn.  Sxaall  od^aTO,  xi  i  pages.  Printcdior  Johnfoo, . 
London,  1797. 

This  Journal  is  of  mucH  value  feK  the  intercfting  fc;entifie  obfetvations  ic  containsr  as  well  as  f8r:sufhentic. 
accounts  of  tlie  manufactories  and  mine-works  in  the  diAri£l  through  which  the  tour  was  made.  Its  plan  ia 
lbmeVcfpe£t  rcfemblcs  that  of  the  celebrated  Dc  SaulTure;  like  whom  our  author  has  given  foine  animated 
Ibetcbfi  of  the  ^rand  romantig  fccncry  of  a  mountain  counpy. '  N. 

along: 
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sbng  the  fliorCi  it  arrives  at  Caemanron.  From  this  place  it  proceeds  along  the  Menai, 
forming  the  eaftera  bank,  as  far  as  Bangor  Ferry.  Hence  to  OrmeVhead  it  is  cut  off  by  the 
northern  extremity  of  the  Snowdon  chain,  which  terminates  in  the  bay  of  Conway,  by  the 
difis  of  Penmaen-mawr  and  Penmaen-bach.  The  lime  recommencing  in  the  lofty  promon- 
tory of  Orme's-head,  continues  the  boundary  of  the  coaft  as  far  as  the  mouth  of  the  Dee ;  it 
then  takes  a  wefterly  direction,  curving  to  the  fouth^  as  it  pafles  by  Holywell  and  the  upper 
end  of  the  vale  of  Clwyd  to  the  Eglwyfeg  rocks  in  Llangollen  vale ;  then,  pafling  due  foutt^ 
it  appears  on  the  oppofite  fide  of  the  vale ;  k  broken  near  Ofweftry  by  die  Ferwyn  moun- 
tains, appears  again  at  Llanymynech^  and  is-  at  length  ftopped  in  its  courfe  by  a  line  of 
primitive  mountains  ftretcUng  northwards  out  of  Radnorflitre;  The  fhtes  occupy  the 
whole  intermedbte  fpace  between  the  ridge  of  lime  and  the  primitive  mountains* 

The  primitive,  fecondary,  and  derivative  mountains  may  in  general  be  diftinguiflied  by 
peculiarities  in  their  form,  as  well  as  by  their  relative  pofkton ;  the  primitive  rocks  are  craggy^ 
fteep»  and  tending  more  or  lefs  to-  ft  peak,  or  fiender-pointed  (umrait ;  the  loftieft  mountains 
are  generally  about  the  middle  of  the  chain,  which  both  comrmences  and  terminates  in  abrupt 
precipices:  thefe,  together  with  flie  infiilated  peaks  that  are  continually  interrupting  the 
outline  of  the  chain,  form  a  very  ftriking  diftin£live  chara£ler.  The  plates  to  Mr.  Pennant's 
SnowdOma  will  convey  a  clearer  idea  of  this  than  the  moft  laboured  defcription.  Indeed  it 
is  but  juftice  to  obferve,  with  refpcA  to  thefe  engravings,  that  they  are  per£e&ly  accurate 
reprefentations  of  the  fcenes  which  they  profefs  to>  defcribe* 

The  flates  are  diftinguifliable  from  the  primitive  mountains  by  their  inferior  height,  by 
the  evennefs  and  almoft  fquarenefs  of  the  individual  hills,  and  by  the  eafy  flowing  though 
Taried  outline  of  the  chainSjt  fuch  as  that  of  the  Ferwyn  mountains  already  defcribed. 
Chap.  III. 

The  lime  and  famd-ftone  hitls  are  confiderably  Tower  even  than  rhe  ITatcs ;  riffng  in  ge* 
aeral  very  gradually  at  one  extremity,  and  terminating  abruptly  at  the  other.  The  banks 
of  fand  rock  are  however  broader  and  rounder  than  the  lime  :  where  the  lifne  is  the  hardeft,. 
its  form  is  the  moft  perfe£l ;  but  as  it  becomes  flaty,  foft>  and  mixed  with  clay,  it  approaches 
nearly  to  the  form  of  the  flate>-hills>  as  is  remarkably  the  cafe  in  the  fouthem-  part  ofi  Wcn^ 
lock-edge.  The  fand-ftone,  too,  where  it  contains  but  little  iron  and  clay^  being  almofl 
wholly  compofed  of  fand  and  lime,,  refcmbles  moft  the  limeftone  hills.  This  may  be  ob- 
£erved  by  comparing  the  diflTerence  of  form  between  the  red  fand  rocks  of  Nefcliff,  and  the 
white  freeftone  ef  Grinlhill. 

III.  I  have  already  mentioned  the  beds  of  rounded  pebbles  that  are  to  be  found  on  the 
higheft  parts  of  the  flate  mountains.  Their  prefent  (ituation  could  never  have  been  that  in 
which  they  were  formed^  for  they  confift  almoft  univeriaUy  of  porphyry,  quarts',  ferpentine 
and  other  ftoay  fubftaiices  which  Ue  in  large'  mafles,  compofing  the.  primitive  mountains: 
their  rounded  ibape  too,  like  that  of  the  pebbles  on  the  fea  fhors,  feema^  to  intimate  that 
they  have  been  carried  by  the  force  of  water  to  the  places  which  they  now  occupy.  An- 
other circumftance  which  appears  to  point  out  the  quarter  whence  they  originally  pro- 
ceeded isy  that,  in  proportion  to  their  vicinity  to  the  primitive  mountains,  is  their  fiae  :  a 
circumftance  that  might  naturally  be  expeAed,  iince  the  further  they  were  carried,  the 
more  would  they  be  rounded  and  comminuted.  Stillj  however,  there  is  a  difficulty  at^ 
lending,  this  bypothefis ;  namelyi  by  what  means  could  thefe  ronnded  pebbles  have  been 

forced 
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forced  acrofs  tlie^many  deep  valleys  that  interfe£l^tlie  mountaias  in  all  dirc^idh9^^it]iobt 
firft  filling  up  the  valleys  themfelves  ?   And,  if  this  vras  dieeafe^  by  what  meana  were  tht 
^valleys  fo  entirely  cleared  of  them  afterwards,  as  they  appear  now  for  the  moft  part  to  be? 
The  difficulty,  however,  I  think,  is  moro  apparent  than  real;  for  it  fcems  highly  probable^ 
that  at  the  time  when  thefe  flate  mountains*  were  formed  under  the  water,  there  werq  no 
valleys,  but  the  whole  mafa  was  one  uniform  bank,  tlie  valleys  being  ^^fterwards  formed  by 
the  fivers  as  the  water  fubfided :  by  this  not  improl;»able  f«ppo(ition,  as  it  appears  to  due, 
the  obje£lionJs  wholly  removed.     On  defcendiog  from  the  flate  rocks  to  the  limeftone  and 
the  derivative  hills,  the  marks  of  fubmcrfion  are  more  num^roui  and  unequivocal ;  fand, 
Tpebbles,  (hells,  and  other  marine  exuviae,  being  found  in  cotifiderable  abundance.     Follow- 
ing  the  example  of  mod  mineral6gi(ls,  I  might  indeed  have  mentioned  the  exiftencc  of 
jime  as  of  itfelf  a  fufBcient  proof  of  fubmerfion  :  it  appears  to  ifie,  however,  that  there  is 
by  no  means  evidence  fufficient  to  fupport  the  large  aflertion,  thaVall  the  limQ  which  forms 
fo  confiderable  a  part  of  the  furface  of  the  earth,  has  been  actually  produced  by  the  procefs 
of  animalization.    The  only  fa£b  that  I  recollefb,  which  has  any  reference  to  this  queftion, 
would  lead  one  to  draw  a  direSIy  contrary  inference;    it  being  well  known  that  iht 
^ggs  of  hens  are  without  (hells,  when  care  has  been  taken  in  the  feeding  of  the  bird  to  hin- 
'ider  its  having  accefs  to  mortar  or  any  other  fubftance  that  contains  a  large  quantity  of 
:calcareous  matter.     Thefe  tokens  of  the  prefence  of  water  on  the  tops  of  mountains  that 
are  now  2000  feet  above  the  level  of  the  fea,  naturally  lead  me  to  enquire  into  the  caufe 
of  this  phenomenon,  in  explanation  of  which  two  hypothefes  have  been  (buted ;  one,  that 
/the  continents  were  forcibly  elevated  to  their  prefent  height  above  the  fea  by^  fucceflSve  cx- 
plofibns,  as  fome  of  the  Lipari  iflands  are  known  to  have  been  formed  j  the  other,  that  the 
fea  has  gradually,  or  fuddcnly,  fubfided  to  its  prefent  level,  but  that  no  alteration  has  taken 
.place  In  the  pofition  of  the  mountains.     The  extreme  fcarcity  of  acknowledged  volcanic 
produdklons  feems  to  render  the  iirft  fuppofition  highly  improbable ;  and  it  may  aUb  be 
objedled  to  it,  that  an  immenfe  power,  to  which  we  fee  at  prefent  fcarcdy  any  thing  ana- 
logous, is  called  into  exidence  to  accomplifti  that  which  the  operation  of  common  allowed 
wcaufea  would  effedl  juft  as  well.     The  grand  difficulty  is  to  account  for  the  difappearing 
of  fo  great:  a, quantity  of  water,  nor  indeed  have  I  ever  feen  this  explained  In  a  tolerably 
iatisfaflory  manner  :  it  is  eafy  to  imagine  vaft  chafms  in  the  earth. into  which  the  waters 
•have  retired ;  but  of  this  there  is  no  proof  whatever :  it  is  alfa  contrary- to  the  gradual  de« 
creafe  of  the  fea,  which,  from  the  prefent  appearance  of  the  earth,  and  from  hiftorical  re- 
cords, appears  probable. 

IV.  1  he  Welih  primitive  mountains  in  mafs  contain  no  metals ;  copper,  howeverf  is 
:found  in  fcveral  of  the  homftone  ftratified  mountains,  of  which  the  Parys  mine,  and  thofe 
at  Llanberris  and  Foot-aberglaflyn  are  examples.     In  thefe  mines  the  ore  ia  for  the  moft 
•part  yellow  fulphuret  of  copper :  the  green  and  blue  malachites,  or  carbonates  of  copper, 
.  arc  found  in  limeftone,  as  at  OrmeVhead  and  Llanymynech-h^ll ;  nor  have  I  beard  any  in-, 
.ftance  of  thefe  two  laft  mines  furniihing  copper  in  any  ftate  but  that  of-  carbonate.     Car- 
bonated copper  is  alfo  found  in  the  calcareous  cement  of  fand  rocks,  as  has  been  already 
fldentioned  to  be  the  cafe  at  Pym-hilland  Hawkftone  in  the  plain  of  Sbrewibury.     Lead 
.and  calamine,  I  believe,  are  not  to  be  found  in  North  Wales,  in  any  of  the  primitive  ftratified 
rocks*.    The&  metals  are  moft  frequently  found  in  ilate,  with  a.matrix  however  of  calgaseous 

fpar. 
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(pari  IS  in  the  vale  of  Conway,  at  Llangynnog,  and  the  Snailbeach  mines  ;  they  are  fre- 
quently alfo  found  in  limedone  as  at  Llanymyncch  and  Holywell.  Refpe£ling  the  forma- 
tion of  the  above-mentioned*  metals,  it  is  not  eafy  to  give  a  tolerably  probable  opinion; 
it  appears,  however,  that  carbonate  of  copper  is  of  confidcrably  later  formation  than  the 
iiilphuret,  the  former  probably  originating  from  the  decompoHtion  of  the  latter,  and  de- 
riving its  acid  from  the  carbonate  of  lime,  in  which  it  is  found.  It  is  not  likely  that  the 
lead  found  in  limedone  was  originally  formed  elfewhcrc,  becaufe  lead,  even  in  flate  rocks, 
lies  in  a  matrix  of  calcareous  fpar  \  and  efpecially  becaufe  It  does  not  form  thin  flrata  be- 
tween the  (Irata  of  lime,  as  is  the  cafe  with  copper,  but  it  traverfes,  in  a  ftrcam,  the  feveral 
(Irata  without  any  alteratron  in  the  line'of  its  direftion  \  to  which  may  be  added,  that  ful- 
phurct  of  lead  is  the  general  (late  in  which  the  metal  is  found,  both  in  the  flate  rocks  and 
limedone,  the  carbonate  being  equally  rare  in  both  fituations. 

There  is  no  coal  found  in  North  Wales  between  the  primitive  mountains  and  the  flatcs : 
a  very  fmall  quantity  is  procured  between  the  flates  and  limeftone  \  but  by  far  the  mod  ex- 
tenCve  beds  are  between  the  limedone  and  the  fand  rocks,  as  about  Wreiham  or  Coalbrook 
Dale,  or  between  thefe  lad  and  the  alluvial  hills,  as  round  Wolverhampton. 

V.  From  the  above-mentioned  circumdances  it  would  appear,  that  at  fome  former  period 
the  fea  covered  the  whole  of  North  Wales,  of  the  prefent  plain  of  Salop,  and  of  Chefliire, 
except  a  line  of  iflands  confiding  of  the  Snowdon  chain,  another  to  the  fouth  confiding 
of  the  prefent  Cader  Idris  chain,  and  a  few  detached  rocks,  feveral  leagues  to  the  ead, 
which  now  form  the  tops  of  the  Wrcakin,  Caer  Caradoc,  and  Stiperdones.  Under  this 
primitive  fea,  and  prior  to  the  exidence  of  animals  or  vegeubles,  the  vad  banks  of  flate 
appear  to  h^ve  been  formed.  My  reafons  for  thinking  that  animals  and  vegetables  had  as 
yet  no  exidence  are,  becaufe  there  was  no  foil  upon  thefe  hard  infulated  rocks  for  the  growth 
of  plants  upon  which  tlie  animals  might  feed,  and  becaufe  we  meet  with  no  impreflions  or 
remains  of  organized  bodies  in  the  primitive  mountains  or  banks  of  flate.  By  flow  degrees 
the  water  fubfided ;  being  poi&bly  in  part  abforbed  by  the  earth,  in  part  fixed  in  a  folid 
form  in  the  flates,  and  in  part  decompofed,  forming  oxygene  and  hydrogene  :  the  former  of 
which  condituted  the  oxygenous  bafe  of  the  lower  atmofphere ;  the  latter,  by  its  fuperior 
levity,  riling  above  the  atmofpherical  air,  according  to  the  opinion  of  fome  philofophers^ 
forms  a  vad  dratum  many  miles  above  the  furface  of  the  earth ;  whence  originate  meteors* 
the  aurora  borealis,  and  other  flpilar  appearances.  -    * 

The  water  having  for  the  moft  part  retired  from  the  beds  of  flate,  the  greater  part  o£ 
Wales,  and  the  fccondary  hills  of  the  Englifli  counties  wed  of  the  Severn,  would  form  one 
or  more  confiderable  iflands,  feparated  from  the  fmall  part  of  England  then  above  water  by 
a  wide  channel  occupying  the  flat  part  of  Chefhire  and  Shropfhire,  and  the  prefent  vale  of 
the  Severn  from  'Coalbrook  Dale  to  the  Bridol  Channel.  At  this  period  I  imagine  the 
fccondary  limeftone  hills  to  have  been  formed.  The  deftccation  of  the  watec  dill  continu* 
ing,  the  tops  of  the  limeftone  ridges  themfelves  would  begin  to  appear  above  the  furface  v 
and  then  the  plain  of  Salop,  the  flat  part  of  Chefliire,  and  tlie  fouthem  extremity  of 
Laucafhire,  would  form  one  vad  bay  %  into  which  the  Severn,  Dee,  and  Merfey  emptied 
themfelves,  flowing  into  the  fea  by  an  united  ftream,  filling  the  prefent  mouths  of  the  two 
latter  tivfiis,  Rnd  the  intermediate  fpace^  the  hundred  of  Whrral.  Into  this-bay  or  eftuary* 
a  large  quantity  of  fand  would  be  coaftAntl^  poured  in  by  the  violem  weftero  winds,  and. 
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tlic  currents  of  the  three  rivers  not  being  able  entirely  to  clear  it  awajr,  banU  of  find 
vrould  be  by  degrees  formed,  conftituting  the  prefent  fand  and  free»(lone  rocks  extending 
from  NefclifF  ealtward  by  Pym-hill  and  Grinfliill  to  the  hills  of  argillaceous  fchiftnt 
round  the  Wrcakin,  This  accumulation  of  fand  would  prevent  the  free  cgrefs  of  the  waters 
of  the  Severn  into  the  main  bay,  which  by  degrees,  or  more  probably  at  once,  urged  by  « 
firong  weft  wind,  and  fwelled  unufually  by  rains  or  fnow,  broke  through  the  lime-ftone 
rock  at  Coalbrook  Dale,  and  ruflied  into  the  Channel,  which  it  has  ever  flnce  flowed  in.  The 
banks  of  fand,  tliat  almoft  entirely  fliut  out  the  Severn  from  the  bay  of  Chefhire,  prevented 
the  Dee  from  deviating  from  its  original  courfe,  and  the  furtlier  decreafe  of  the  water 
added  conftantly  to  the  difficulty.  A  number  of  particulars  might  be  mentioned  in  con« 
firmation  of  the  foregoing  hypotheds,  derived  from  the  appearance  of  the  hills,  the  foil,  and 
other  circumftances,  were  it  my  intention  to  enter  minutely  hito  the  fubje£b  i  but  this 
could  not  be  done  without  the.  aid  of  charts  and  engravings,  in  a  manner  capable  of 
interefting  the  attention  of  any,  except  thofe  who  have  vifited  and  carefully  obferved  the 
tra£l  in  queftion. 

The  fca,  however,  has  not  been  uniformly  receding ;  for  fome  time  paftit  appears  to 
have  been  advancing  upon  the  Welfli  coaft :  a  brief  enumeration  of  the  proofs  of  this  will 
conclude  the  fubje£l. 

The  coaft  of  Cardigan  from  Aberyftwitli  northward,  if  it  does  not  fumiih  any  direft 
proof  of  the  advance  of  the  fea,  yet  (hews  at  leaft  that  the  water  is  not  retreating,  from  the 
circumftance  of  there  being  no  beach  at  high  tide,  and  the  jnany  caverns  and  receffes  in 
the  flate  rocks  on  the  coaft  that  are  every  day  filled  by  the  fca.  The  fouthem  part  of 
Merionethfhire  exhibits  certain  proofs  of  the  progreflfive  ftate  of  the  fea,  in  the  vaft  banks 
•of  peat  already  mentioned,  which  extend  along  the  (hore  to  Tovyn,  and  ftretch  to  an  un- 
known diftance  into  the  water.  From  near  Harlech  a  long  range  of  fand  and  gravel,  includ- 
ing Traeth-mawr  and  Traeth.bychan,  runs  twenty-two  miles  into  the  fea,  being  called  at 
prefent  Sam  Badrig,  or  the  Ship-breaking  Caufeway ;  the  whole  of  which  traA,  formerly 
called  Cantrer  Gwaelod,  or  the  Lowland  Hundred,  was  about  the  year  500  overwhelmed 
by  an  inundation,  occafloned  by  the  csrelefTnefs  of  thofe  who  kept  the  flood-gates,  as  b 
mentioned'  in  an  extant  poem  of  Talieflin.  Northward  of  the  towii  of  Abergeley  in 
Denbighfliire,  a  vaft  extent  of  inhabited  country  is  faid  to  have  been  deftroyed  by  the  fea ; 
in  proof  of  which  an  epitaph  witliout  date  or  name  in  Abergeley  churdi-yard  is  citedj 
fignifying  that  the  perfon  to  whofe  memory  the  monument  was  cre£led  lived  three  miles 
to  the  north.  A  more  decifive  evidence  is  fumifhed  by  Mr.  Pennant  in  his  Snowdonia. 
"  I  have  obferved,"  fays  he,  "  at  low  water,  far  from  the  clayey  banks,  a  long  tra£l  of 
hard  loam,  filled  with  the  bodies  of  oak  trees,  tolerably  entire,  but  fo  foft  as  to  be  cut  with 
a  knife  as  eaGiy  as  wax."  Finally,  1  have  obferved  on  the  Lancafliire  coaft,  a  few  miles 
ii9rth  of  Liverpool,  the  beach  overfpread  with  trunks  and  branches  of  oak-trees ;  the  whole 
fliore  to  a  confiderabk  diftance  inland,  being  a  peat  mofs,  now  for  the  moft  part  covered 
with  fand  \  the  extent  of  the  mofs  along  the  ihore  is  very  evident  by  the  almoft  blood* 
colour  of  the  beach,  occaConed  by  the  boggy  iron  ore  with  which  the  water  that  oozes  out 
of  the  peat  is  highly  impregnated.  From  thcfc  fads  it  may,  I  think,  be  fairly  inferred,  that 
moft  of  the  prefent  fands  which  border  the  coaft  of  North  Wales  and  Lancafliire,  were 
formerly  forefts  or  cultivated  land ;  and  that  the  fea  is  at  prefent,  and  for  thefe  twelve  or 
thirteen  centuries  paft  has  been,  gaining  upon  the  (bore. 
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aiu  Jccount  of  the  Fata  Morgana ;    or  the  Optical  Appearance  of  Figures^  in  the  Sea  and  the 

Air,  in  the  Faro  of  Meffma.     JVith  an  Engravings 

As  when  a  fhepherd  of  the  Hebrid*  Ifles 

Placed  far  amid  the  melancholy  main, 

(Whether  it  be  lone  fancy  him  beguiles^ 

Or  that  aerial  beings  fometimei  deign 

To  flaady  embodied,  to  our  fenfes  plain) 

Sees  on  the  naked  hill,  or  valley  low, 

The  whild  in  ocean  Phoebus  dips  his  wain, 

A  vaft  aflembly  moving  to  and  fro: 

Then  all  at  once  in  air  diflblves  the  wondrous  (how. 

Thomson. 

V  A  R  I O  U  S  pliilofophical  writers  and  travellers,  and  among  them  our  Englifli  travel* 
lers  Brydone  and  Swinburne,  make  mention  of  a  very  (triking  phenomenon  which  occafion-* 
ally  appears  in  the  Straits  of  MelEna,  and  is  known  by  the  name  of  Fata  Morgana,  or,  as 
fome  render  it,  the  Caftles  of  the  Fairy  Morgana.  The  accounts  diflFer  from  each  other,  as 
well  with  refpefl  to  the  appearances,  as  the  concomitant  circumftances  which  are  fuppofed  to 
be  neceflary  for  producing  them.  How  far  the  effe£ls  themfelves  may  be  fubje^  to  variation^ 
or  to  what  extent  the  imagination  of  the  narrators,  who  fpeak  of  the  exhibition  as  calculated 
to  produce  aftoniOiment,  may  be  fubjeA  to  irregularity,  would  admit  of  difcufiion ;  but  the 
general  certainty  of  the  events  is  matter  of  univerfal  notoriety,  and  admits  of  no  doubt  I 
have  not  had  the  good  fortune  to  meet  with  any  of  the  authors  who  treat  on  this  fubjeft 
exprefsly  from  their  own  knowledge  and  obfervation,  till  lately  that  the  Diflertation  of 
Minafl  *  was  lent  me  by  the  Right  Honourable  Sir  Jofeph  Banks,  Bart.  &c.  In  this 
treatife  the  fa&s  are  related  with  much  Cmplicity  and  preciiion,  and  the  philofophical 
reafoning  of  the  author  is  kept  diftin^l  from  the  narrative.  I  have  therefore  chofipn  to  col- 
]e£l  the  prefent  account  from  this  author.  The  engraving,  plate  X.  is  copied  from  the 
fame  work. 

His  firft  chapter  contains  a  defcription  of  the  phenomenon.  **  When  the  rifing  fun  (hines 
from  that  point  whence  its  incident  ray  forms  an  angle  of  about  forty-five  degrees  on.  the 
fea  of  Reggio,  and  the  bright  furface  of  the  water  in  the  bay  is  not  difturbed  cither  by  the 
wind  or  the  current,  the  fpe£lator  being  placed  on  an  eminence  of  the  city,  with  his  back  to 
the  fun  and  his  face  to  the  fea*;^-on  a  fudden  there  appear  in  the  water,  as  in  a  catoptric 
theatre,  various  multiplied  objefts,  that  is  to  fay,  numberlefs  feries  of  pilarfters,  arches, 
cadles  well  delineated,  regular  columns,  lofty  towers,  fuperb  palaces,  with  balconies  and 
windows,  extended  alleys. of  trees,  delightful  plains  with  herds  and  flocks,  armies  of  men 
on  foot  and  horfeback,  and  many  other  (Irange  images,  in  their  natural  colours  and  proper 
a£lions,  palling  rapidly  in  fucceflion  along  the  furface  of  the  fea  during  the  whole  of  thS 
ihort  period  of  time  while  the  above-mentioned  caufes  remaim 

*  DifTertazione  prima  fopra  un  Fenomeno  volgarmcnte  detto  Fata  Morgana:  O  (la  spparizione  di  varie, 
fncccfTive,  bizzarre  immagini  che  per  lungo  tempo  ha.fedotti  ipopoli,  c  dato  a  penfidre  ai  dotti.  A  fua  £miiieait 
,)i  Signor  Cardinale  dc  Zclada.  Del  P.  Antonio  Minaii  Domenicano.    Jn  Rona  1773.  ;    ._     .  *  .'^ 
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"  But  if,  in  addition  to  the  circumftanccs  before  dcfcribed,  the  atmofphere  be  highly  im. 
prcgnated  with  vapour,  and  denfc  exhalations  not  previoufly  difperfed  by  the  allien  of  thr 
wind  or  waves,  or  rarefied  by  the  fun,  it  then  happens  that  in  this  vapour,  as  in  a  curtain 
extended  along  the  channel  to  the  height  of  about  thirty  palms,  and  nearly  down  to  the 
fta,  the  obferver  will  behold  the  fcene  of  the  fame  objefts  not  only  rcflefted  from  the 
furface  of  the  fea,  but  likewife  in  the  air,  though  not  fo  diftincl  or  well  defined  as  the 
former  objcfts  from  the  fea. 

**  Laftly,  if  the  air  be  (lightly  hazey  and  opake,  and  at  the  fame  time  dewy  and  adapted  to 
form  the  iris,  then  the  above-mentioned  objcfts  will  appear  only  at  the  furface  of  the  fea, 
as  in  the  firft  cafe,  but  all  vividly  coloured  or  fringed  with  red,  green,  blue,  and  other « 

prifmat^c  colours."  ^ 

The  author  therefore  diftinguifhes  three  forts  of  Fata  Morgana:  that  is  to  fay,  the  firft  at 
the  furface  of  the  fea,  which  he  calls  the  Marine  Morgana ;  the  fecond  in  the  air,  called 
the  Aerial  Morgana ;  and  the  third  only  at  the  furface  of  the  fea,  w^ich  he  calls  the 
Morgana  fringed  with  prifmatic  colours. 

In  a  note  in  this  chapter  P.  Minafi  enquires  into  the  etymology  of  Morgana.  After 
various  remarks,  he  thinks  the  opinion  of  thofe  who  derive  this  word,  which  is  fo  fordign 
to  the  Roman  idiom,  from  /bu^^o;  triftis  and  yavoo;  l^etitia  aificio,  is  not  far  from  the  truth, 
confidering  the  great  exultation  and  joy  this  appearance  produces  in  all  ranks  of  people, 
who  on  its  firft  commencement  run  haftily  to  the  fea,  exclaiming  Morgana,  Morgana  !  He 
remarks  that  he  has  himfelf  feen  this  appearance  three  times,  and  that  Jie  would  rather 
behqld  it  again  than  the  moft  fuperb  theatrical  exhibition  in  the  world. 

In  the  fecond  chapter  the  author  defcribes  the  city  of  Reggio,  and  the  neighbouring  coaft 
of  Calabria;  by  which  he  (hews  that  all  the  objects  which  are  exhibited  in  the  Fata  Mor- 
gana are  derived  from  obje£U  on  (hore. 

In  his  third  chapter,  confifting  of  phyfical  and  aftronomical  obfervations,  he  aflirms  that 
the  fea  in  the  Straits  of  Meflina  has  the  appearance  of  a  large  inclined  fpeculum;  that 
in  the  alternate  current  or  tide  which  flows  and  returns  in  the  Straits  for  fix  hours  each 
way,  and  is  conftai>tly  attended  by  an  oppofite  current  along  (hore  to  the  medium  diftance 
of  about  a  mile  and  a  half,  there  are  many  eddies  and  irregularities  at  the  time  of  its 
change  of  dire£lion;  and  that  the  Morgana  ufually  appears  at  this  period.  Whence  he  entera 
into  confiderations  of  the  relative  fituations  of  the  fun  and  moon,  which  are  neccflary  to 
affbfd  high  water  at  the  proper  time  after  fun>rife,  as  before  defcribed.  It  is  high  water, 
that  is  to  fay,  the  northern  current  ceafes,  at  full  and  change,  at  nine  o'clock.  There  is 
probably  a  fmall  rife  and  fall,  though  the  annotation  to  a  large  chart  before  me  affirms  that 
there  is  none. 

In  the  fourth  chapter  and  fubfequcnt  part  of  the  work,  the  author  collefls  the  opinion 
and  relations  of  various  writers  on  this  fubjeA,  namely,  Angelucci,  Earcher,  Scotus,  and 
;0thers ;  and  he  afterwards  proceeds  to  account  for  the  efiefls,  by  the  fuppofed  inclination 
•  of  the  furface  of  the  fea,  and  its  fubdivifion  into  different  plains  by  the  contrary  eddies. 
The  aerial  effects  are  referred  to  confiderations  of  faline  and  other  efiluvia  fufpended  in  the 
air,  which  I  forbear  to  abridge,  becaufe  it  feems  difficult  to  make  any  clear  or  produftive 
0<HHiCPt  either  from  the  narrative  or  the  reafoning. 

What  I  feem  to  collet  upon  the  whole  from  the  feveral  relations^  and  the  curiout  print 

which 


Fata  Morgana. — CoHcrtlhns  of  Volatile  Oils.  11? 

wliich  I  have  copied,  is:  i.That  by  the  (ituation  of  ihc  Faio  of  MefGna,  the  current 
from  the  fouth,  at  tlie  expiration  of  whidt  this  phenomenon  is  moft  WVcly  to  appear,  is  io 
far  impeded  by  the  figure  of  tlie  land,  that  a  coiinderable  portion  of  the  water  returns 
along  fliore.  2.  That  it  is  probable  the  fame  coafls  may  have  a  tendency  to  modify  the 
lower  portion  of  the  air  in  a  fimilar  manner,  during  the  fouthern  breeze  i  or,  in  other 
words,  that  a  fort  of  bafon  is  formed  by  the  bnd,  in  which  the  lower  air  is  more  difpofed 
to  become  motionlcfs  and  calm  than  elfewherc,  3.  That  the  Morgana  Marina  prefents 
inverted  images  below  the  real  objcfla,  which  arc  multiplied  laterally  as  well  as  vcrticallyi 
and  that  there  arc  repetitions  of  the  fame  multiplied  objedls  at  more  confiderable  vertical 
intervals.  This  I  gather  from  the  appearance  of  the  dome  and  other  obje^s  in  the  plate. 
4.  That  tlic  Aerial  Morgana  is  not  inverted,  but,  as  I  am  difpofed  to  conjecture,  is  more 
elevated  than  the  original  objcGs.  5.  That  the  fringes  of  prifmatic  colours  arc  produced  in 
falling  vapours,  liniUar  to  many  appearances  which  have  been  defcribed  by  authors,  but  not 
accurately  explained  by  the  general  principles  of  refraflion  through  fpheres  of  water.  The 
Slip  is  referred  to  by  the  author  as  an  objefl  furrounded  by  thefe  fringes  :  whence  it 
appears  that  the  colours  apply  to  the  dire£l  rays  from  objects,  as  well  as  to  thofe  of  the 
Marine  Morgana.  6.  Various  other  obj'edts  in  the  drawing,  as  well  as  in  the  defcription, 
aSbrd  matter  for  queflion  and  conjecture,  but  none  perhaps  which  it  may  be  proper  to 
enlarge  upon,  until  the  theory  be  better  known.  7.  It  feems  at  all  events  more  probable 
that  thefe  appearances  arc  produced  by  a  calm  fea,  and  one  or  more  ftrata  of  fuper- 
incumbent  air  differing  in  rcfraftive,  and  confequently  refleflive  power,  than  from  any 
confiderable  change  in  the  furface  of  the  water,  with  the  laws  of  which  wc  are  inuch  better 
acquainted  than  with  thofe  of  the  atmofphere.  8-  By  attentive  refleflion  upon  the  fa£ls 
and  reafonings  in  Mr.  Huddart's  paper  •,  we  may  form  a  theory  to  account  for  the  ereCt 
and  inverted  images :  the  poliihed  furface  of  the  fea  may  perhaps  account  for  the  vciltcal 
repetition}  but  for  the  lateral  muiiiplication  we  muft  have  recourfe  to  rcflefting  ot 
tcfra£ling  planes  in  the  vapour,  which  appear  nearly  as  difficult  to  deduce  or  enablift,  as 
thofe  which  have  been  fuppofed  on  the  water. 


VIII. 
jf  Memoir  eontoitiing puK  Refiilfi  arijingfnm  the  A^ian  of  Cold  on  the  Volatile  Oi/t,  and  ait 
ExaminalioH    of  the    Cancretions  found  in  feveral  of  thafi  Oilt.     Sj  Cit.  MASGUEROfft 
Men6ir  ef  the  Smele  des  Pharmaciem  at  Farij. 

[CnnLluJcd  fi-ompase  186,] 

y/n  ExaminotioH  of  I  be  Cwcrttiont  found  in  feveral  VtlafiSe  Oils. 

X  HE  volatile  oil  of  fennel-feed,  which  had  been  long  made,  had  depolited  a  concretion 
of  a  lamellated  form.  The  oil  was  of  an  amber-colour,  and  fmcl!  fcarcely  perceptible.  It 
was  fluid,  and  no  longer  capable  of  affuming  the  concrete  ftate  at  ihe  temperature  of  four 
or  five  degrees  below  congelation.  The  concrete  matter  being  feparated  was  ycllowifh, 
and  had  the  taftc  and  fmcU  of  fennel.     When  eipofed  to  tlic  air  it  became  dry  and  friable 

*  PbiloTophkal  Journal,  I.  145. 
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between  the  fingers,  like  a  refin.  When  placed  between  two  capfules  of  glafs^  and  ex* 
pofed  to  the  hot  wood-aihes,  it  melted  and  fublimed  in  needles.  On  fufpending  the 
operation  thefe  remained  in  the  capfule  a  brown  matter,  which  by  cooling  crydallized  in  a 
ftriated  mafs.  The  needles  obtained  by  fublimation  were  white  and  filky,  with  the  tafte 
and  fmell  of  fennel.  On  expofure  to  the  flame  of  a  candle  they  liquefied  without  taking 
fire,  and  by  cooling  they  affumed  a  concrete  tranfparent  (late.  They  were  infoluble  in 
the  nitric  acid  ;  but  their  folution  in  alcohol  reddened  the  tin£lure  of  toumfole  j  and  when 
fubmitted  to  evaporation  it  left  a  cryftallized  matter  in  filky  needles. 

Volatile  oil  of  wormwood,  not  reftified,  and  prefcrvcd  fcveral  years  in  a  bottle  with. the 
didilled  water  of  the  fame  plant,  had  depoGtcd  a  yellowifh  matter ;  the  oil  had  little  fluidity; 
its  colour  was  of  a  deep  green,  and  its  fmell  confiJerably  pungent ;  the  depofited  matter 
was  yellowifh,  and  emitted  the  fmell  of  wormwood  ;  when  applied  to  the  tongue  it  com- 
municated the  peculiar  tafte  of  the  plant  *,  it  adhered  to  the  fingers,  like  turpentine ;  ex* 
pofure  for  fomedays  to  the  air  did  not  augment  its  confiftence ;  when  it  was  afterwards 
prefented  to  the  flame  of  a  candle,  it  took  fire,  and  was  covered  with  fmall  needles*  This 
matter  cryftallized  by  cooling,  and  became  dry  and  brittle,  like  refin. 

The  water  on  which  the  oil  had  been  preferved  very  (pecdily  reddened  the  tin£lure  of 
toumfole.  ^ 

The  volatile  oil  of  fage,  dlftilled  long  before,  had  depofited  a  concretion  which  lined  the 
bottom  of  the '  bottle  in  which  it  was  preferved.  This  concretion  was  white,  and  when 
examined  by  the  magnifier  appeared  brilliant,  cryftallized,  and  laminated.  Before  I  pro- 
ceeded to  examination  I  comprefled  it  between  feveral  folds  of  the  paper  Jofeph,  to  de- 
prive it  of  the  oil  which  might  be  interpofed  between  its  parts.  This  concretion,  ex- 
pofed  to  the  air,  became  dry  and  friable  ;  its^  folution  in  alcohol  became  white  by  the  ad- 
dition of  water.  Part  of  the  folution,  fubjefted  to  fpontaneous  evaporation,  left  in  the 
capfule  a  whitifti  covering,  and  fome  fmall  needles.  Expofed  to  the  flame  of  a  candle  rt 
did  not  take  fire,  but  liquefied,  and  became  firm  by  cooling,  and  of  a  refinous  appearance. 
When  placed  between  two  capfules,  and  fubjedled  to  a  gentle  heat,  it  melted,  but  only  a 
few  particles  fublimed.  When  it  was  treated  comparatively  with  the  camphor  of  the  ihops 
by  the  nitric  acid,  and  with  the  fame  degree  of  heat,  the  concretion  was  liquefied,  afliimed 
the  confiftence  of  turpentine,  and  became  much  coloured :  the  camphor,  on  the  contrary, 
entirely  diflfolved  in  the  nitric  acid,  and  was  recovered  again  with  its  properties  by  the  ad- 
dition of  water.  The  nitric  acid  which  I  heated  with  the  concretion,  did  not  afford  the 
fame  refult  when  treated  with  a  IMce  quantity  of  water. 

From  thefe  experiments  we  may  conclude,  that  the  concretions  obferved  in  the  feveral 
volatile  oils,  approach  rather  to  the  nature  of  refins  with  a  fuperabundance  oi  acid,  which 
form  a  kind  of  fait  fimilar  to  the  flowers  of  benzoin  *  rather  than  camphor,  to  which  they 

* 

*  In  I79t>  Citizens  Deyeux  and  Vauquelin  informed  us,  that  the  concretions  depofited  by  cinnamon-water 
lud  the  properties  of  the  acid  of  benzoin.     M. 

That  the  concretions  were  not  camphor,  is  no  doubt  afcertained  by  the  diflferent  action  of  nitrous  acid ;  but  how 
far  they  may  agree  with  the  acid  of  benzoin,  feems  to  require  further  proof.  It  is  generally  agreed^  from  tbe 
experiments  of  Lichtenftein  and  others,  that  the  acid  of  benzoin  is  foluble  in  the  vitriolic  and  nitrous  acid, 
and  feparablie  by  the  addition  of  water,  without  ahcration  of  its  properties,  and  that  it  is  not  readily  altered  by 
digeftioD  or  abdra^ion  of  the  latter  acid*     N. 

have 
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have  frequently  been  compared.  For,  if  we  compare  the  cflfefts  of  the  nitric  acid  on  thcfe 
concretions,  the  foregoing  obfervations  (hew  that  its  aftion  upon  them  is  very  different  from 
its  adion  upon  camphor. 


IX. 

On  the  Cold  Winds  which  iJfue  out  of  the  Earth.     By  Profejfor  De  Saussure  and  others  \ 

with  Obfervations, 


I 


N  the  fifth  volume  of  De  Sauflure's  Voyages  dans  les  Alpes,  page  342,  lately  publifhed,  the 
author,  after  having  afcertained  by  experiment  that  the  water  at  the  bottom  of  the  Alpine 
Lakes  is  much  colder  than  temperate,  namely,  about  4  degrees  of  Reaumur,  while  that  of  the 
furface  indicated  about  15°,  whereas  the  temperature  of  the  water  at  886  feet  and  at  J  800 
feet  depth  in  the  Gulph  of  Genoa,  near  the  land,  proved  to  be  above  temperate,  namely,  ic>6 
degrees,  while  at  the  furface  the  heat  was  i6|  degrees,  proceeds  to  make  remarks  on  a 
phenomenon  probably  of  the  fame  nature,  that  there  arc  many  fubterraneous  cavities  out 
of  which  winds  iffue,  which  are  colder  than  the  mean  temperature  <si  the  earth.  The 
former  effefts  are  confidered  by  this  author  as  very  difficult  to  be  accounted  for  j  and 
indeed  they  appear  to  depend  on  the  principle  of  the  almoft  perfe<£l  non-condu£ting  power 
of  fluids  with  regard  to  heat,  which  has  fcarcely,  if  at  all,  been  treated  by  any  author  but 
Count  Rumford  in  his  feventli  effay,  publiftied  a  few  days  ago.  The  latter  he  thinks 
may  more  eafily  be  explained.  I  (hall  here  relate  the  fa£ls  by  a  tranflation  nearly  clofe^ 
and  afterwards  give  the  fubltance  of  his  reafonings,  with  fuch  remarks  as  may  prefent 
themfelvcs. 

He  begins  his  account  with  the  caves  of  Mont  Teftaceo  near  Rome,  which  were  the 
firft  that  fixed  the  attention  of  an  accurate  obferver.  The  Abbe  NoUet  obferved  them  in 
his  travels  into  Italy*,  and  found  their  temperature  was  9 f "degrees  on  the  9th  of 
September  1749,  in  the  afternoon,  while  the  thermometer  in  the  open  air  ftood  at  18 
degrees ;  and  he  remarks  with  reafon,  that  their  coolnefs  is  fo  much  the  more  aftoniftjing, 
as  they  are  not  deep ;  that  the  entrance  has  fcarcely  any  defcent,  and  that  the  fun  iliines 
for  the  grcateft  part  of  the  day  upon  the  door  of  the  entrance, 

M.  De  Sauflure  found  them  cooler  than  the  Abbe  Nollet  did,  though  he  viGted  them  in 
hotter  weather ;  the  reafon  of  which,  as  he  remarks,  may  be  deduced  from  the  explanation 
of  the  phenomenon.  On  the  firft  of  July  1773,  the  external  air  in  the  (hade  was  at  20| 
degrees }  that  of  one  of  the  caves  was  at  8  j  of  another  at  5^;  and  of  a  third  at  5^. 
Thefe  caves  are  made  in  the  fide  of  the  mountain,  and  occupy  nearly  its  whole  circum- 
ference. Thofe  he  entered  were  on  the  weft  fide.  The  v^s  at  the  bottom  have  perfo- 
rations through  which  the  cold  air  enters. 

The  air  itfelf  comes  through  the  interftices  left  between  the  pieces  of  broken  urns^ 
amphorae,  and  other  veffels  of  pottery  of  which  this  fmall  mountain  appears  to  be  entirely 
compofcd.    He  went  to  its  fummit,  which  is  not  above  two  or  three  hundred  feet  in 

^  Acad,  des  ScienceSi  1749,  page  486. 
4  height^ 
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hcighti  and  every  where  obfervcd  thcfe  fragments,  whicji^he  docs  not  doubt  were  formerly 
^olleiled  in  this  place  by  fome  public  order.  At  prefent  the  police  maintains  them;  for 
thefe  caves  are  fo  ufeful  and  valuable,  and  there  is  fo  much  apprehenfion  left  their  quality 
ihould  be  altered,  that  every  excavation,  and  even  the  cultivation  of  the  ground  on  this  fmall 
mountain,  is  prohibited.  And  it  is  truly  a  very  fingular  phenomenon,  that  in  the  midft  of 
this  diftricl,  of  which  the  air  is  fo  hot  and  flifling  in  fummer,  there  fliould  be  found  a 

• 

fmall  ifolated  hill,  from  the  bafe  of  which  currents  of  air  of  extraordinary  coolnefs  fliould 
ifTue  on  all  fides. 

It  is  not  lefs  fingular,  that  under  a  ftill  more  fouthern  climate,  and  in  an  ifland  like  that 
of  Ifchia,  which  is  entirely  volcanic,  and  everywhere  abounding  with  hot  fprings,  a  cold 
fubterraneous  wind  fliould  be  found  like  that  here  defcribed.  Sir  William  Hamilton 
aflured  our  author,  that  there  is  a  fimilar  grotto  at  Ottiano,  at  the  foot  of  Vefuvius.  Thefe 
grottos  have  even  an  appropriate  name ;  they  are  called  Ventaroles.  That  of  Ifchia  is 
called  Ventarola  della  Funera.  It  is  beneath  a  fmall  chapel  dedicated  to  St.  Anthony, 
which  is  itfelf  beneath  the  Cafa  Monella.  On  the  9th  of  March  1773,  the  thermometei: 
in  the  open  air  in  the  fliade  out  of  the  grotto  flood  at  14  degrees,  and  that  which 
M.  De  Sauflure  placed  at  the  bottom  of  the  grotto  flood  at  6  degrees  ;  and  he  was  aflured 
that  in  the  fummer,  during  the  great  heats,  he  would  have  found  it  much  lower. 

The  cold  caves  of  St.  Marino  are  at  the  foot  of  a  hill  of  grit-ftone,  on  which  the  capital 
of  this  fmall  republic  is  built.  On  the  9th  of  July  1773,  about  three  in  the  afternoon, 
the  thermometer  in  the  open  air  flood  at  13  degrees;  and  in  the  caves  at  6.  The 
floor  of  thefe  caves  lies  between  3io  and  330  toifes  above  the  level  of  the  fea.. 

The  caves  of  Cefi  are  fituated  in  the  town  of  the  fame  name,  which  is  fix  miles  north  of 
Temi,  in  the  Ecclefiaflical  State.  That  infpe£ted  by  M.  De  Sauflure  was  in  the  houfe  of 
Don  Giufeppe  Cefi.  The  cold  of  this  cave,  like  the  preceding  caves,  does  not  proceed 
from  its  depth,  but  from  a  cold  air  which  iflues  from  the  crevices  of  a  rock  againft  which 
it  is  built.  This  air  iflued  out  with  fo  much  force  at  that  time,  that  it  almoft  extinguiflied 
the  flambeaux  which  enlightened  themr;  and  the  proprietor  aflured  our  author,  that  the 
wind  would  have  been  much  ftronger,  if  the  weather  had  not  been  cold,  as  it  was  for 
the  feafon.  -Ih  the  winter,  on  the  contrary,  the  wind  ruflies  violently  in,  and  the  more  fo 
the  colder  the  weather.  This  is  exprefled  in  the  Latin  verfes  which  the  mafter  of  the  houfc 
fliewedhim: 

Abditus  hie  ludit  vario  difcrimine  ventus, 

Et  faciles  miros  exhibet  aura  jocos  : 
Nam  fi  bnima  riget,  quaKumque  objeceris  haurit  1 

Evomit  aeftivo  cum  calet  igne  dies,  &c. 

The  mafter  of  this  houfe  derives  great  advantage  from  the  coolnefs  of  this  cave,  not  only 
by  preferving  wines,  fruits,  and  provifions  of  every  kind,  but  likewife  by  conducing  this 
cool  air  by  jripcs  into  the  apartments.  Cocks,  at  the  extremity  of  thefe  tubes,  emit  the 
cold  air  in  fuch  quantities  as  may  be  defired.  This  refinement  is  carried  fo  far  as  to  convey 
the  air  under  certain  ftands,  the  foot  of  which  is  pierced ;  fo  that  bottles  placed  on  thefe 
ftands  are  continually  cooled  by  the  wind  which  iflues  forth.  On  the  day  when  M.  De 
Sauflure  meafurcd  the  temperature  of  this  fubterraneous  wind  at  the  entrance  of  the 
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fmall  cavern  whence  it  iflued»  he  found  it  at  5|  degrees,  while  the  external  air  was  u 
14 f  degrees.  This  was  on  the  4th  of  July  1773,  in  the  afternoon;  whence,  in  faft,  it 
appears  that  the  day  was  very  cold  for  that  climate  and  feafon. 

The  Cantines,  as  they  arc  called  in  Italian  Switzerland,  or  the  cold  caves  of  Chiavenna, 
are  likewife  fituated  againft  a  rock  to  the  fouth-eaft  of  the  town.  The  cold  air  enters  into* 
the  caves  through  the  crevices  of  this  rock,  of  which  the  compofition  is  an  indurated 
fteatites,  intermixed  iiv  various  places  with  afbeftos  and  flexible  amianthus.  On  the  5th  of 
Auguft  1777,  at  noon,  the  thermometer  ftood  in  thefc  caves  at  6  degrees,  while  in  the 
open  air  it  was  at  17. 

On  this  occafion  our  author  remarks,  that  the  (tones  which  compofe  the  mountains 
whence  the  cold  winds  iflue,  are  very  different  in  their  nature ;  which,  as  he  obfcrves,- 
affords  an  anfwer  to  the  queftion  of  the  Abbe  Nollet,  relative  to  the  caves  of  Mont 
Teftaceo,  "  Is  pottery  of  a  nature  to  be  more  difEcultly  heated  than,  other  materials  5  or 
do  the  influences  of  the  atmofphere  caufe  refrigeration,  which  would  not  take  place  elfe-* 
where  ?'*  It  is  certain,  adds  M.  De  Sauflure,  that  this  phenomenon  does  not  depend  on  the 
nature  of  the  pottery  \  for  the  cold  winds  of  Cefi  iflTue  from  a  calcareous  mountain,  thofe 
•f  St.  Marino  from  grit-ftone,  thofe  of  Chiavenna  fropi  a  fteatites,  8cc. 

The  caves  in  which  M.  De  Sauflfure  found  the  air  coldeft,  and  which  he  moft  carefully 
obferved,  were  thofe  of  Caprino,  near  the  lake  of  Lugan,  and  oppoGte  that  agreeable  fmall 
town  of  Italian  Switzerland.  Thefe  caves  are  fituated  at  the  foot  of  a  calcareous  mountain^ 
whofe  very  rapid  flopc  terminates  near  the  lake. 

Before  your  entrance,  you  are  defircd  to  remark  the  cold  wind  which  iflues  from  the  key- 
bole  of  the  door,  which  is  fenflble  even  at  feven  or  eight  inches  diftance.  On  your  entrance,, 
the  fenfation  of  cold  is  very  ftriking,  fo  as  even  to  produce  an  apprehenfion  of  inconvenience; 
and  on  coming  out,  you  feem  to  enter  an  oven.  In  the  firft  vifit  to  thefe  caves  (June 
29,  1771)1  the  author  found  the 'thermometer  at  the  bottom  of  the  cave  to  be  2x  de- 
grees;  while  in  the  (hade  in  the  open  air  it  was  at  ^i.  The  fecond  time  that  he  vifited 
them,  namely,  on  the  ift  of  Auguft  1777,  the  thermometer  defcended  no  lower  than  4f 
degrees;  while  in  the  air  it  ftood  at  18. 

What  he  thinks  remarkable  in  thefe  caves  is,  that  they  are  not  deep,  nor  hoHowed  into  the 
earth.  Their  floor  is  on  a  level  with  the  ground*,  the  external  wall  and  the  roof  are  entirely 
expofed  to  the  open  air.  There  is  only  the  wall  at  the  bottom,  and  part  of  the  lateral 
walls,  which,  are  within  the  foot  of  the  mountain.  This  foot  is  every' where  covered  with 
angular  fragments  of  the  fame  mountain,  and  it  is  from  among  thefe  fragments  that  the 
cool  air  iflTues.  By  a  fortunate  chance,  he  faw  one  of  thefe  caves  conftrufted.  The  mafon 
who  overlooked  the  work,  affirmed  that  he  was  in  poflTeffion  of  the  art  of  finding  proper 
fituations  i  and  that  it  was  neceflary  to  feek  for  thofe  places  whence  the  wind  ifllied  out^ 
and  to  bore  apertures  correfponding  to  thofe  places.  It  is  by  thefe  ventiges  that  the  caves^ 
are  cooled,  as  may  be  cafily  perceived  by  applying  the  hand;  and  againft  thefc  it  is  thrft 
the  thermometer  muft  be  placed  to  find  the  foweft  temperature. 

It  is  aflerted  that  the  country  is  indebted  to  the  (heep  for  this  difcovery.  A  (hephefd 
obferved,  that  during  the  great  heats  his  fheep  all  repaired  to  certain  places  in  preference^ 
and  applied  their  nofes  to  the  earth.    He  endeavoured  to  afcertaia  the  seafou  of  thig 

preference. 
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preference,  by  applying  his  hand  to  the  ground.     The  cool  air,  which,  even  without  any 
.  conilruclioHi  is  perceptible,  induced  him  to  build  a  cave. 

In  the  cave  which  M.  De  SauiTure  faw  built,  there  was  only  the  interior  wall  raifed,  fo 
that  its  external  face  was,  at  that  time,  abfolutely  in  the  open  air;  neverthelefs  his 
thermometer,  placed  at  the  entrance  of  thefe  ventiges,  (lood  at  4  degrees.  He  plunged  hia 
thermometer  to  the  depth  of  8  inches  in  the  ground  of  this  open  cave;  it  then  ftood  at 
7  degreco ;  and  at  8,  when  merely  laid  on  the  ground ;  but  on  the  floor  of  a  clofe  cave  it 
ftood  at  5.     The  thermometer,  as  already  remarked,  ftood  at  18  degrees  in  the  open  air.  . 

This  cold  air  has  no  fenfible  quality  different  from  pure  atmofpheric  air  cooled  to  the 
fame  degree.  It  has  neither  fmell  nor  taftc ;  but,  as  the  author  obferves,  it  would  certainly 
be.cuvtfus  to  analyfe  it. 

Tjlic  £onftru(3or  of  thefe  caves,  who  appeared  to  be  an  intelligent  man,  exprcflcd  his  be- 
lief fo^M.  De  Sauflure,  that  the  cold  air  comes  from  tlie  infide  of  the  mountain,  and  ilTues 
from  clefts  concealed  beneath  the  rubbifti :  but  that  neverthelefs  there  was  no  knowledge 
exifting  of  any  cavern  or  natural  repoGtory  of  ice  in  this  mountain,  in  which  the  fnows 
might  accumulate  during  the  winter.  The  mountain  is  not  high  enough  to  preferve  vifiblc 
fnow  during  the  fummer.  It  is  neceflary  however,  according  to  M.  De  Sauflure,  that  the 
caufe  of  this  phenomenon  ihould  be  very  extended ;  for  he  was  certainly  informed  that 
thefe  caves  exift  as  far  as  Capo  di  Lago,  at  the  diftance  of  eight  miles  from  Caprino,  aiul 
even  at  Mendrifio,  which  is  a  league  farther  oflF.  There  are  fome  alfo  on  the  oppofite  jQ^f«^c 
of  the  lake.  It  is  aflirmed  that  there  are  feveral  on  the  banks  of  the  lake  of  Come  ;  which 
M.  De  Sauflure  more  readily  believes,  becaufe  he  found  the  water  of  the  intermjjting: 
Spring  at  the  Villa  of  Pliny,  fituated  on  the  banks  of  the  lake,  to  be  as'cold  as  7t  degrees.^ 

The  laft  caves  defcribed  by  De  SauflTure,  from  whence  cool  ftreams  of  air  are  emitted, ' 
arc  thofe  of  Hergifweil.  Thefe  were  the  only  ones  he  faw  on  that  fide  of  the  Alps.  At 
Winckel,-  ^  .village  at  the  diftance  of  one  league  from  Lucerne^  he  embarked  on  the  lake  ; 
and.Jn  lefs  than  half  an  hour  he  was  oppofite  Hergifweil,  a  village  jbt^qnging  to  the  canton 
of  Underwald,  fituated  at  the  bottom  of  a  fmall  bay,  sfnd  furrounded  with  meadows  ai^ 
vineyards,  in  a  pofition  highly  rural  and  romantic.  At  the  diftance  of  ten  minutes  from 
the  village,' at  the  foot  of  th<*  mountain,  are  the  cold  caves,  which  are  nothing  but  huts  of 
wood  except  the  bottom  wall.  This  wall,  like  thofe  at  Lugan,  is  applied  to  ijic accumulated 
fragments  at  the  foot  of  the  mountain.  The  ftones  of  the  wall  are  not  bound  with  mortar  5 
and  it  is  through  the  interftices  between  them  that  the  cold  wind  enters,  which  ifliies  from 
the  fragments  of  the  mountain. 

On  the  31ft  of  July  1783,  at  noon,  th^  thermometer  ftood  at  18,3®  in  the  fliade,  and 
3,3®  at  the  bottom  of  the  cave.  The  mafter  of  the  houfe  afliircd  him  that  milk  could  be 
kept  in  the  cave  for  three  weeks  without  change,  flefti  meat  a  month,  and  ftrawberries  from 
one  year  to  the  other.  Near  this  hut  there  was  another  of  the  fame  kind,  in  which  fnow 
is  kept  for  fale  at  Lucerne  in  the  fijqjjjjgr ;  but  there  was  no  fnow  in  the  cave  where  he 
obferved  the  temperature.  Clofe  to  tbc^uf,  under  the  fame  roof,  a  fire  was  kept  for'So- 
meftic  purpofes,  without  any  apprehenfion  of  its  aflfcfting  the  temperature  of  the  cave. 
In  winter  it  freezes  in  thefe  huts  rather  later  than  in  the  open  air,  but  afterwards,  as  they 
affirm,  more  ftrongly  ;  no  doubt,  fays  M.  De  Sauflure,  by  reafon  of  the  returning  current  o^ 
air  into  thefe  fubterraneous  cavities.  The 
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The  mountain  which  overlooks  thefe  caves  is  calcareous,  its  fteep  fide  lying  to  the  north, 
agalnft  which  the  huts  are  placed.  Its  name  is  Renq,  and  its  foot  advances  into  the  lake 
of  Lucerne^  where  it  forms  a  promontory.  It  is  one  of  the  bafes  of  Mount  PilatCi  of  which 
it  forms  part.    M.  Peyffer  informed  M.  De  Sauflure,  that  the  lake  is  very  deep  near  the  rock. 

It  appears  that  the  cold  wind  iflues  at  many  places  \  for  at  the  foot  of  the  mountain  in 
the  neighbourhood^  if  the  earth  be  any  where  removed  which  covers  the  rubbiih,  the  cold 
wind:  which  iflues  forth  may  be  felt  againft  the  hand  *• 

The  theory  by  which  M.  De  Sauflure  explains  the  cold  of  thefe  caves  is  as  follows : 

It  muft  be  fuppofed  that  the  air  which  cools  thefe  caves  was  included  in  fubter- 
raneous  cavities^  xtot  fufficiently  deep  to  be  inaccefUble  to  the  heat  of  fummer,  and  the 
cold  ,of  winter^  but  yet  enough  fo  to  admit  of  a  variation  of  a  few  degrees  from  thefe 
changes.  It  muft  alfo  be  fuppofed,  that  after  this  air  has  been  foQiewhat  condenfed  by  the 
winter's  cold,  and  the  fummer's  heat  begins  to  caufe  it  to  ifiue  forth  by  dilatation,  it  is 
again  cooled  by  evaporation  during  Its  paflage  through  humid  clefts,  or  the  interfticcs  of 
wet  ftones. 

He  thinks  that  the  exiftence  of  fuch  refervoirs,  accei&blq  to  the  cold  of  winter  and  the 
heat  of  fummer,  is  not  hypothetical,  but  an  immediate  confequence  of  the  i^Gi%  univerfally 
attefted  by  the  pofleflbrs  of  thefe  caves,  namely,  that  the  air  iflues  out  in  the  fummer  witk 
fo  much  the  more  force  as  the  weather  is  hotter,  and  returns  again  by  the  (ame  apertures 
in  proportion  to  the  intenfity  of  the  cold. 

Though  the  cooling  e&edl  of  evaporation  admits  of  no  doubt,  he  thought  it  proper  to 
make  an  experiment  refembling  what  he  conceives  to  happen  in  this  phenomenon.  He 
took  a  tube  of  glafs  of  one  inch  in  diameter,  which  he  filled  with  fragments  of  wetted  ftone. 
Through  this  tube  he  forced  the  blaft  of  a  large  pair  of  bellows  :  the  air  iflued  out  of  the 
bellows  at  the  temperature  of  18  degrees,  and  its  paflTage  through  the  tube  caufed  it  to  de- 
fcend  to  15;  He  had  the  fame  refult  when  he  ufed  a  chemical  receiver  with  two  necks, 
half  filled  with  fmall  flints  wetted  \  but  when  he  dire£ied  the  wind  of  the  fame  bellows 
againft  the  ball  of  a  thermometer  furrounded  with  a  wet  cloth,  the  refrigeration  was  four 
degrees.  A  ftill  greater  refrigeration,  namely,  of  nine  degrees,  was  produced  by  inclofing 
the  ball  of  the  thermometer  in  a  wet  fponge,  and  whirling  it  round  in  the  air.  But,  as 
this  candid  obferver  juftly  remarks,  tlie  air  in  this  laft  cafe  is  concinually  renewed  ;  fo  that 
the  circumflaiices  are  not  accurately  parallel  to  thofe  in  which  the  air  is  fuppofed  to  be- 
come continually  more  and  more  loaded  with  moifture. 

'*  To  the(e  inibincet  ni;)y  be  added  the  caves  of  Roquefort,  of  which  a  defcription  is  giren  by  Chaptal  in  die 
Annates  de  Chiroie,  IV.  3i>  45.  From  the  defcription  of  the  caves  themfelves,  which  is  lefs  precife  than  tho(e 
of  M.  De  SaufTurr,  it  appears  that  tl)e  air  iflues  from  among  the  fragments  of  a  calcareous  mouatain.  Thefe 
caves  are  ufcd  in  the  manufa£turc  of  a  peculiar  and  highly  eftecmed  checfe.  M*  Marcorelle  in  the  month  erf 
06\ober  found  the  thermometer  of  Reaumur  defoend  in  thefe  caves  to  5^  degrees)  while  it  ftood  at  13  degrees ip 
the  open  air;  and  (L'lnptal  on  the  ^ift  Auguft  1787^  with  a  good  thermometer,  which  Hood  at  23  in  the  (hade  in 
the  open  air,  foimd  the  temperature  of  a  rapid  current  in  one  of  the  caves  to  be  4  degrees.  He  was  informed 
that  the.  thermometer  had  been  feen  in  that  expoiirion  as  low  as  2  degrees  above  zero.  The  hotter  the  external 
air,  the  cooler  the  caves  are  found  to  be,  becaufe  the  current  is  then  ftronger. 

Mr.  Chaplal  fuppo&s,  in  his  explanation^  which  is  very  concife,  thM  the  external  air  enters  rhc  earth, 
tnd  is  cooled  by  evaporation  |  but  he  does  not  point  out  any  caoilt  why  the  current  is  produced^  and  varies 
ip  its  velocity  in  proportion  to  the  extcfnal  heat.    N.  .         ^ 
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He  thinks,  therefore,  that  evaporation  would  not  fuffice  to  explain  the  refrigeration  of 
feven  or  eight  degrees  below  temperate,  fuch  as  is  obferved  in  the  caves  of  Lugan,  but  th^^ 
it  would  fuffice  to  explain  a  cold  of  five  or  fit  degrees  below  this  term,  fuch  as  that  it 
Cefi,  Ifchia,  and  Mont  Teftaceo.  In  fa£l,  he  fuppofes  a  great  fubterraneous  refervoir  of 
air  to  exift  fufficiently  near  the  furface  of  the  earth,  that  the  cold  of  the  winter  may  caufe 
it  to  defcend  three  degrees  below  temperate,  or  the  tenth  degree,  and  that  the  heat  of 
fummer  may  caufe  it  to  rife  as  much  above  that  term. 

When  the  cold  (halt  have  penetrated  this  refervoir  to  its  maximum,  the  temperature  will 
be  feven  degrees. 

Afterwards,  when  the  heat  of  fpring  begins  to  dilate  it.  Its  temperature  will  ri(e,  fuppole 
to  eight.  It  will  begin  to  ifllue  out  v  and  the  evaporation,  diminifhiog  its  heat  three  degrees^ 
will  reduce  it  to  five  \  and  this  will  be  its  term  of  the  greate((  cold.  In  proportion  as  the 
heats  of  fumnuer  fliall  penetrate  the  refervoir,  the  heat  of  the  air  which  iflues  out  will  it^ 
creafe  alfo  :  it  will  not  however  rife  above  temperate,  becaufe  the  greateft  heat  of  the  re^ 
fervpir  will  be  13,  and  evaporation  will  reduce  it. to  10. 

_  The  comparifon  of  his  experiments  with  each  other,  as  well  as  with  thofe  of  the  Ahbi 
NoUet,  proves,  in  fa£l,  that  the  heat  of  thefe  cool  winds  increafes  as  the  TeaCon  advances* 
For  the  Abbe  Nollet  found  the  caves  of  Mont  Teftaceo  at  9,5  on  the  9th  of  September^ 
'whereas  M.  Dc  Sauflurc  obferved  them  at  5,3  on.  the  ift  of  July.  In  the  fame  manner 
he  found  the  caves  of  Lugan  at  4§  on  the  xft  of  Auguft,  and  at  af  a  month  earlier,  namely^ 
on  the  29th  of  June. 

When  the  air  has  obtained  its  higheft  degree  of  heat,  it  muft  remain  for  a  eertain  time  in 
a  ftate  of  ftagnation  \  after  which  the  refervoir  begins  to  cool,  and  abforb  the  external  air*. 
In  this  fituation  the  coolnefs  of  the  autumn,  and  the  froft^  of  winter,^ are  fufficient  to  pre- 
ferve  the  cold  ftate  of  the  caves. 

The  author  remarks,  that  from  the  original  fuppofition  of  the  medium  temperature  being 
at  10  degrees,  and  the  cold  produced  by  evaporation  3  degrees,  it  is  impoffible  to  explain  a. 
degree  of  cold  which  \n  fummer  is  lower  than  five  degrees.  For  if  the  refervoir  be  fup-- 
pofed  nearer  the  furface,  fuch  for  example  as  that  t'he  cold  of  the  winter  would  caufe  itt  to- 
defcend  to  5,  it  is  true  that  the  air  with  the  additionalicooling  by  evaporation  would  iflue  out 
in  the  fpring  at  the  temperature  of  two  degrees.  But  it  will  likewife  follow,  that  the  refei>^ 
voir  would  rife  in  its  temperature  pioponionably  hijgher  by  the  heat  of  fummer. 

If,  therefore,  it  be  required  to  explain  a  greater  degree  of  coolnefs  than  4  or  5  degrees^ 
fuch  as  that  of  Lugan  and  Hergifweil,  and  it  be  not  fuppofed  that  evaporation  in  thefe  cir« 
cumftances  can  produce  more  refrigeration  than  three  degrees,  it  will  be  neceflary  to  fup^ 
pofe  the  mean  temperature  of  the  refervoir  to  be  lower  than  i  o  degrees ;  a  fuppofition,  as 
the  author  obfervcs,  by  no  means  forced,  at  leaft  for  the  vicinity  of  the  Alps ;  where  alone 
Obfervations  have  been  made  of  cavqs  poffeflihg  fo  low  a  temperature. 

M.  De  Sauffure  anticipates  the  obje£tion  againft  his  theory,  that  if  the  air  in  thefe  ca* 
verns  be  already  faturated  with  humidity,  it  cannot  produce  evaporation,  nor  confequentlyt 
cold.  But  he  remarks,  that  caverns  are  not  all  humid;  that  the  caverns  here  fuppofed  muft 
|>e  of  vaft  extent,  in  order  that  the  dilatation  caufed  by  a  few  degrees  (hall  afiford  eonfider- 
able  currents  of  air  through  the  whole  fummer;  and  confequently,  that  a  great  quantity  of 
cold  dry  air  muft  enter  in  with  the  winter,  which  will  be  very  deficcative  when  expanded 
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by  heat)  and  will  dry  the  fides  of  thefe  caverns.    Whence  he  thinks  that  the  air  may  be 
confidered  a$  fufBciently  dry  to  produce  an  evaporation  which  may  cool  it  three  degrees.  . 

After  having  given  fo  intereding  and  accurate  a  detail  of  izGts  on  this  curious  fubje£b| 
from  the  work  of  a  philofopher  to  whom  the  world  is  fo  greatly  indebted,  I  have  thought 
it  a  point  of  juilice  to  relate  his  theory  in  a  manner  fcarcely  lefs  copious,  and  that  the  more 
particularly,  as  the  notions  which  occur  to  me  on  the  fubje£i  have  led  me  to  diflFer  from  him 
in  opinion.        ,  * 

In  the  firft  place  I  mud  remark,  that  we  have  no  adiual  information  of  the  exiftence  of 
fuch  vaft  caverns,  cfpecially  fo  near  the  furface  of  the  earth.  2.  By  the  author's  own  ex- 
periments it  appears,  that  at  very  inconfiderable  depths,  compared  with  the  thicknefs  re- 
quired for  the  roofs  of  fuch  caverns,  the  influence  of  the  feafons  is  Ccarcely  perceptible. 
He  found  the  greatefl  difference  at  the  depth  of  29 1  feet,  in  compa£%  ground,  during  three 
years,  was  only  from  8,95  degrees  to  7,75  degrees,  or  1,2  degrees  in  the  whole.  3.  If 
the  roof  were  ever  fo-  thin,  it  appears  from  Count  Rumford's  experiments  *,  that  heat, 
which  in  air,  and  very  probably  in'  all  fluids  whatfoevcr,  is  fcarcely  tranfmitted  but  by  the 
afcent  of  the  heated  parts  or  defcent  of  the,  parts  cooled;  would  not  pafs  downwards,  be- 
caufe  the  rarefied  parts  could  not  defcend  \  confequently  the  expanfion,  even  in  this  mo(^ 
improbable  fituation,  could  not  take  place.  4.  From  the  experiments  of  Duvemois,  re« 
lated  in  the  Encyclopedic  Methodique,  article  Air,  page  686,  which  are  alfo  to  be  found  in 
the  firft  volume  of  the  Annales  de  Chimie,  it  appears  that  common  air  dilates  rather  more 
than  ,-\th  part  of  its  bulk  by  the  firft  twenty  degrees  of  Reaumur,  and  therefore  fcarcely  more 
than  -^th  part  by  the  difference  of  temperature  fuppofed  by  M.  De  Saufl!ure.  This  cave 
rouft  therefore  contain  near  the  furface  of  the  earth,  to  be  within  the  reach  of  the  feafonSy 
eighty  times  as  much  air  as  flows  out  of  all  the  apertures  during  the  whole  fummer.  ^For 
want  of  data,  that  is  to'fay,  the  apertures  and  velocities  of  emifllion,  it  is  impoffible  to  infti- 
tute  a  calculation  ;  but  it  feems  utterly  improbable  that  fuch  a  volume  of  air  fiiould  have 
been  referved  in  an  appropriate  veflel.  At  all  events,  it  is  not  in  the  fmalleft  degree  likely, 
that  Mont  Teftaceo  contains,  or  communicates  with,  fuch  a  refer^oir.  5.  Laftly,  it  (eems 
a  gratuitous  fuppoCtion,  that  the  refervoir  (hould  be  always  dry,  and  the  paflage  through 
which  the  air  ifTues  always  wet. 

After  this  undifguifed  examination  of  the  confiderations  of  M.  De  SaufTure,  I  (hall  myfcif 
prefent  a  few  notions  refpe£ling  the  caufe  of  this  phenomenon ;  with  the  pcrfe^  wi(h  to  fee 
them  refuted,  if  exifting  fads,  future  difcoveries,  or  undeteded  errors  (hould  render  it 
necefTary. 

The  whole,  then,  appears  to  me  to  depend  upon  the  Cmple  circumftance  of  the  cavity  be- 
tween  a  confiderable  mafs  of  ftones  or  other  fubftances  not  being  capable  of  fpeedily  changing 
its  temperature,  by  any  other  means  than  the  conta£l  of  the  air,  or  other  fluids,  which  may 
pafs  through  it.  Let  us  fuppofe,  for  example,  the  cathedral  of  St.  Paul's  in  London,  the  dome 
of  which  is  near  400  feet  in  height,  to  be  filled  with  fragments  of  broken  pottery.  This  large 
mafs  might  be  fuppofed  at  firft  to  poflTcfs  tj^e  temperature  of  the  air  at  the  time  when  it 
was  accumulated.  From  the  imperfed  conducing  power  of  pottery  and  moft  earthy  fub- 
ftances, the  eflfed  of  the  fun's  rays,  or  of  the  adual  heat  of  the  furrounding  air,  would  pene- 
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trate  to  a  Terj  little  depth.  From  feveral  known  faAs,  it  does  not  feem  probable  that  the 
Tariationa  from  thefe  caufes  would  extend  to  the  depth  of  three  feet.  Suppofe  now  the 
external  air  to  be  cooled  ten  degrees ;  the  whole  body  of  air  contained  in  the  interftices  of 
the  pottery,  being  lighter  than  that  without,  would  afcend  through  the  upper  openings  of 
the  mafs,  in  confequence  of  the  prefiure  from  the  denfer  air  into  the  lower  apertures.  This 
proccfs  would  continue  until  the  contents  of  the  edifice  had  acquired  the  commoa 
teibperature ;  that  is  to  lay  (without  attending  to  the  capacities  of  pottery  and  of  air  for  heat), 
ind  the  relative  bulks  of  the  interftices  to  the  folid  parts,  but  fuppofing  thefe  to-be  equal),  it 
MTOuld  follow  that  a  quantity  of  air  near  one  thoufand  times  the  bulk  of  the  edifice  mud 
pafs  through  the  interftices  before  the  common  temperature  would  be  reftored.  ^s  the 
winter  advanced,  the  current  would  continue  to  flow  in  at  the  doors,  or  near  the  bafe  of  the 
heap,  and  out  from  the  fuperior  parts.  This  would  continue  fo  long  as  the  temperature  ol 
the  external  air  continued  to  be  colder  than  the  internal  parts  of  the  heap  ;  and  the  velocit]^ 
would  be  greater  the  greater  the  difference  between  thefe  temperatures.  But  when  the 
winter  had  reduced  the  whole  mafs  nearly  to  the  freezing  point,  or  perhaps  below  it,  the 
return  of  fpring,  rarefying  the  outward  air,  would  fuffer  the  internal  cold  denfe  air  to  flow 
out  below.  The  warm  air  would  neceifarily  prefs  in  above,  become  cooled,  and  flow  out 
again  beneath  in  that^iate  of  diminiQied  temperature.  And  in  this  cafe  alfo  the  velocity  of 
the  current  would  be  greater  the  hotter  the  external  air. 

It  is  eafy  to  fuppofe  a  prodigious  variety  of  cafes.  If  the  mafs  be  very  large,  the  extreme, 
variations  will  be  more  confklerable,  and  the  efie£l  more^  permanent  and  fteady.  If  the 
fragments  be  large,  the  current  will  be  fwifter,  but  the  refrigeration  lefs.  And  if  among 
thefe  fragments  there  b?  a  conftant  caufe  of  humidity,  it  may  be  inferred  that  this  will 
render  the  defcending  current  colder  by  evaporation  than  it  would  otherw^fe  have  been. 

I  was  led  to  mention  the  cathedral  of  St.  Paul's,  from  having  very  frequently  in  hot  weather 
met  a  ftrong  cool  blaft  ifTuing  out  of  the  doors  and  vaults  of  that  edifice,  produced,  as  I  fuppofe,. 
by  the  refrigeration  of  the  air  againft  the  ponderous  maftes  of  mafonry  within  its  area.  As 
the  probable  caufe  did  not  occur  to  me  till  the  prefent  inveftigation  offered  itfelf,  I  have  not 
examined  all  the  circumftances  of  this  laft  fa£t.  Currents  of  this  nature  are  however  very 
common.  The  well-known  experiment  of  holding  a  candle  firft  at  the  top  and  then  at  the 
tottom  of  a  door,  is  of  this  kind.  If  the  air  within  the  room,  or  the  walls,  be  warmer  than 
the  external  air,  the  flame  will  be  blown  outwards  at  the  top,  and  inwards  at  the  bottom 
of  the  door ;  but  the  contrary  will  happen  if  the  walls  of  the  room  or  its  contents  be  colder. 
In  this  cafe,  the  lower  current  refembles  the  cooling  blaft  of  the  caves.  There  is  no  doubf> 
if  two  holes  were  bored  in  the  door  of  a  cellar  in  fummer,  the  one  near  the  top  and  the 
^  other  near  the  bottom,  that  the  upper  hole  would  draw  in  the  air,  and  the  other  emit  a  cold 
ftream,  until  the  walls  had  acquired  the  heat  of  the  external  air. 

^  X. 

The  Comhujlion  of  Pbofphorus  in  the  Vacuum  of  the  Air  Pump.     By  Dr.  'MaRTINUS  VaN 

_.  Marum'^, 

I.  XX  AVING  propofed  in  December  1794.  to  exhibit  in  one  of  the  leftures  on  the  Tey- 
lerian  foundation  the  combuftion  of  phofphorus  in  oxygenc,  and  its  combination  with  tjiat 

*  Axmaksile  Chimie,  XXI.  158. 

1  fubftancc 
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fubftanee  !n  a  glafs  rcflcl,  after  the  manner  of  M .  Lavoifier  \  but  not  being  able  to  avail 
myfelf  of  the  burning-glafs  to  fet  fire  to  the  phofphorus,  I  fuppofed  I  might  fucceed  by 
cle£bric  fparks.  I  attempted  therefore  to  give  fire  to  the  phofphorus  by  eledlrical  fparks  or 
fmall  difcharges.  Neither  of  thefe  being  attended  witK  fuccefs,  I  attached  to  a  fmall  piece 
of  phofphorus  a  little  cotton  fcarcely  weighing  three  quarters  of  a  grain,  which  I  fprinkled 
with  a  little  finely  powdered  refin.  I  afterwards  placed  this  cotton,  which  rofe  ab'oat  one- 
fourth  of  an  inch  above  the  phofphorus,  in  fuch  a  pofition  between  the  extremities  of  two 
conducing  wires  within  the  glafs  receiver,  that  the  cleftric  fpark  might  pafs  through  it. 

In  this  manner,  on  the  4th  of  December  1794, 1  attempted  for  the  firft  time  the  inflam- 
mation  and  combuftion  of  phofphorus ;  without  any  other  defign,  however,  in  this  firft  ex- 
periment than  to  afcertain,  before  the  le£lure,  that  there  fhould  be  no  fault  in  the  appara- 
tus or  method  of  making  the  experiment  \  and  the  time  I  could  give  on  that  day  to  this 
experiment  being  already  expired,  I  did  not  rarefy  the  air  in  the  receiver,  more  than  till  the 
mercury  in  the  barometer  gauge  was  about  one  inch  lower  than  in  the  ftandard  barometer 
befide  it.  I  then  pafled  the  oxygene  gas  from  the  gafometer  into  the  receiver  :  I  fet  fire  to 
the  phofphorus  after  the  receiver  was  thus  filled,  and  the  experiment  was  made  without  any 
difficulty. 

11.  As  I  thought  I  could  now  repeat  the  experiment  in  my  lefturc  \<fithout  any  riik  of 
failure,  I  made  the  attempt  a  few  days  afterwards.  I  placed  another  fmall  piece  of  phos- 
phorus in  a  fmall  crucible  of  platina,  which  hung  in  the  centre  of  a  glafs  receiver  thirteen 
inches  in  diameter,  having  firft  furrouuded  the  upper  part  of  the  fmall  ftick ^of  phofphorus 
with  a  little  cotton  powdered  with  refin.  I  then  proceeded  to  rarefy  the  air  as  much  a^ 
podlble  \  but  an  unexpefted  appearance  prevented  me.  The  candles  had  been  removed,  for 
the  better  observation  of  the  light  at  the  furface  of  the  phofj^orus.  We  faw  the  light  in- 
creafe  v^ry  perceptibly  in  magnitude  and  ftrength,  when  the  height  of  the  mercury  in  the 
barometric  gauge  ftill  differed  one  inch  frpm  that  m  the  barometer.  This  light  increafcd 
in  proportion  as  the  air  was  more  rarefied.  I  was  far  from  fuppofing  that  the  phofphorus 
would  take  fire,  for  which  reafon  I  continued  to  work  the  pump  \  but,  contrary  to  all 
expediation,  we  faw  the  phofphorus  take  fire  when*  the  mercury  was  about  half  an  inch 

lower  than  that  in  the  barometer. 

[To  be  cotiiifiued.'} 
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Question  V.    Au/wered  by  J.  F 


R. 


H  E  bulk  or  volume  of  a  chemical  compound  being  very  feldom,  and  perhaps  never, 
equal  to  the  fum  of  thofe  of  its  component  parts  before  their  union,  it  follows  that  the 
relative  quantities  of  its  ingredients  cannot  be  inferred  from  its  fpecific  gravity  by  the  mere 
rule  of  alligation  J  but  recourfe  muft  be  had  to  the  refults  of  aftual  experiment.  Perhaps 
M.  Baume's  experiments  on  tht  fpecific  gravities  of  difierent  folutions  of  common  fait  in 
water,  preparatory  to  the  conftruSion  of  his  pefe-liqueur  (an  account  of  which  will  be  found 
in  this  work,  p.  38.)i  with  the  appreciation  of  the  fcale,  deduced  from  the  obfervation  of 
M.  De  Morveau,  will  afford  us  the  bell  data  fcrthe  folution  of  the  prefent  queflion.  The 

•  fpecific 
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fpccific  gravity  of  the  folution  given  being  i .121 3,  we  (hall  find,  from  the  table  in  p.  39, 
that  it  contained  about  o.  1581  of  fait,  or  444  grains  in  the  whole*,  being  near  29  grsuns  lefs 
than  what  would  refult  from  mere  computation. 

*^*  The  above  was  the  anf^er  fent  previous  to  the  appearance  of  the  Editor's  note,  p.  192. 
F.  was  fufEciently  aware  that  the  abovementioned  table  was  not  to  be  relied  on  to  indicate 
the  fpecific  gravities  of  all  poflible  folutions  of  common  fait  in  water  \  which  indeed  he  con- 
ceived to  be  fo  obvious  as  to  preclude  the  neceflity  of  more  reilridiive  terms.  It  is  however 
certainly  true,  that,  if  Baumc's  con(lru£lion  of  the  inftrument,  and  De  Morveau's  obferva- 
tion,  were  both  corre<fl,  the  tabular  fpecific  gravity  anfwering  to  15°  would  be  accurately 
that  of  the  folution  of  o.  1 5  of  fait  ufed  by  the  former ;  and  that  the  errors  of  the  table, 
for  all  inferior  degrees  of  faturation,  would  be  thofe  only  arifing.  from  the  hypothefis  of 
equal  graduation  on  which  it  is  calculated  ;  which,  as  the  Editor  obferves,  p.  192,  are  pro- 
bably not  very  confiderable.  According,  therefore,  to  this  mode  of  reafoning,  the  table 
ought  to  be  perfeftly  correft  about  that  degree,  and  ferve  well  enough  for  giving  nearly 
the  fpecific  gravities  of  all  aqueous  folutions  of  common  fait,  in  which  its  propor- 
tion does  not  exceed  0.17  or  0.18.  The  great  difference  between  this  table  and  that  of 
Dr.  Watfon  (p.  192.),  which  gives  upwards  of  0.18  of  fait,  inftead  of  0.15,  for  the  fpecific 
gravity  of  l«xi49  feems  only  to  be  attributable  to  the  reafons  afligned  p.  38.  Perhaps 
M.  Baume  had  either  expofed  the  fait  to  a  confiderable  heat  before  he  diflblved  it,  or  fuffered 
the  folution  to  evaporate  before  he  ufed  it  for  the  inftrument  which  fell  into  the  hands  of 
M.  De  Morveau ;  or  poffibly  even  its  fcale  had  been  transferred  from  another  whofe  ftem 
bore  a  fmaller  proportiom  to  its  bulb.  The  latter  table  is  probably  the  mod  to  be  depended 
on  in  all  cafes. 

NEW  MATHEMATICJL   QUESTION. 

Question  IX.    By  Trigonometricus. 

THE  angles  of  elevation  of  a  terreftrlal  obje£):  fituated  above  the  horizon,  laken  at 
three  given  ftations  in  a  horizontal  plane,  being  given  \  it  is^  required  to  determine  from 
thence  its  perpendicular  height. 
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Count  Rumford's  Experimental  Eflays,  Polidcal,  Economical,  and  Philofophical.  Eflay  VII. 
Of  the  Manner  in  which  Heat  is  propagated  in  Fluids.  Of  a  remarkable  Law  which  has 
been  found  to  obtain  in  the  Condenfation  of  Water  with  Cold,  when  it  is  near  the  Tem- 
perature at  which  it  freezes ;  and  of  the  wonderful  Efle&s  which  are  produced  by  the 
Operation  of  that  Law  in  the  Economy  of  Nature.  Together  with  Conje&ures  refpe£ling 
the  final  Caufe  of  the  Saltnefs  of  the  Sea.  Odavo,  108  .pages,  with  two  plates.  Price  as. 
ftitched.    Cadell  and  Davies,  1797. 

X  H  IS  eflay,  which  contains  important  difcoveries  and  applications  of  the  doArine  of  heat, 
will  demand  particular  and  more  ample  notice  in  the  prefent  work  than  can  be  here  given. 
The  author  had  before  proved  that  the  communication  of  heat  through  air  is  almoft  totally 
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tfle£led  by  the  circulation  of  its  parts.  He  has  fince  afcertained,  that  water,  and  thence 
probably  all  other  fluids,  condu£t  that  quality  or  matter  by  a  fimilar  procefs;  and  from  the 
general  fadls  obferved  by  him,  he  concludes  that  they  are  non-condudors  of  heat.  The 
experiments  contained  in  this  efTay  are  very  ilrlking  and  ingenious,  and  the  author  has 
availed  himfelf  of  them  in  forming  a  fet  of  dedu£lions  of  great  ufe  in  the  explanation 
of  the  economy  of  heat  on  the  furface  of  the  planet  we  inhabit. 

TraiU  de  la  Fonie  des  MineSy  i^c. ;  or,  A  Treatifc  on  the  Fufion  of  Ores  by  Pitcoal,  and  the 
Conftruftion  and  Ufe  of  Furnaces  proper  for  the  Fufion  and  Refining  of  Metals  and 
Minerals  by  means  of  Pitcoal.  Together  with  the  Method  of  rendering  this  Coal  fit  for 
the  fame  Ufes  as  Charqoal  of  Wood.  By  Mr.  De  Genflane,  of  the  Royal  Academy  of 
Sciences  at  Montpellier,  &c.  Sold  at  Paris  at  the  Veterinary  Library  of  M.  R.  Huzard, 
Rue  de  L'Epcron-Saint-Andre-des-Arcs,  No.  11.  -2  volumes  in  quarto ;  the  firll  con- 
taining 400  pages,  with  34  plates,  and  the  fecond  534  pages,  with  42  plates.  Price  20 
francs  for  the  two  volumes  in  boards,  and  12  francs  for  the  fecond  feparately- 
The  firft  volume  of  this  work  appeared  in  ^770,  and  the  fecond,  which' was  retarded 

at  firft  to  verify  ctrtain  fads,  and  afterwards  for  other  reafons,   was  printed  in   1776. 

Other  circumllances,  unneceflary  to  be  detailed,  have  prevented  the  proprietor  from  offering 

the  work  regularly  to  fale  until  lately. Journal  des  Mines.  * 

Anfangsgrunde  der  Chemie  zum  Grundriffi  Academifcher  Vorlefungen  nach  dem  neutn  Sjjltmtj 

istci  or.  Elements  of  Chemiftry,  to  ferve  as  the  Plan  of  Academical. Leflbns  according 

to  the  new  Theory.     By  M.  G.  Fr.  Hildebrandt,  Profcflbr  of  Medicine  and  Chemiftry  at 

the  Univerfity  of  Erlang.     Printed  at  Erlang  1794,  3  volumes,  large  o£lavo. 

The  celebrated  L.  B.  Guy  ton,  in  the  Annales  de  Chimie,  XXI.  333,  fpeaks  very  highly 

of  this  work,  for  its  order  and  perfpicuity.     The  author  begms  by  exhibiting  the  general 

principles  of  mixture,  folution,  aflinity,  precipitation,  &c.  together  with  the  operations  o£ 

chemiftry.     In  the  next  place  he  treats  in  feparate  fe£tions  on  caloric,  light,  oxygene, 

azote,  atnK>fpheric  air,  hydrogene  water,  the  earths,  alkalis,  acids,  and  compound  falts.. 

Thefe.fubjeds  occupy  his  firft  volume.— The  fecond  volume  treats  of  metals,  their  alloys^ 

and  combinations. — And  in  the  third  the  chemiftry  of  organized  fubftances  is  explained. 

NottTUff  isfc.     An  Account  of  the  Siliceous  Incruftations  of  the  Thermal  Baths  of  Italy; 

and  certain  remarkable  Produ£ts  found  under  the  Lava  which  buried  Part  of  the  Town 

of  Torre  del  Greco  in  1794.     By  M,  Tompfon,     0£lavo«     Naples,  1795- 

The  author  has  obferved  filiceous  ftala&itcs  in  the.  mountain  of  Santa  Fiora  in  Tofcany, 

in  the  Euganean  mountains,  in  the  ifle  of  Ifchia,  and  in  the  crater  of  the  Solfatara  or 

Fozzuolo.     In  moft  of  thefe  places  there  are  likewife  foda,.  humid  and  hot  vapour,  and 

folphur,  either  in  fubftance  or  in  the  ftate  of  fulphuric  acidk.    The  folution  of  the  filer 

may  therefore  be  attributed  to  the  combined  a^on  of  thefe  three  chemical  agents,  particu-^ 

larly  the  foda.     A  kind  of  liquor  fiHcum  is  formed.    The  author  has  difcovered  that  the 

arundo  donax  of  the  family  of  the  bamboos  contains  fea-falt,  and  confequently  foda ;  and 

it  is  known  that  the  knots  of  the  bamboo  contain  filiceous  concretions..    The  celebrated 

Black  afcertained  the  prefence  of  mineral  alkali  in  the  Geyfer  fpring in. Iceland;   round 

which  filiceous  incruftations  are  formed.— -Edinburgh  Tranfa£tions,  Vol.  a  and  3. 

By  digging  into  the  houfes  of  the  town  of  Torre  del  Greco,  which  were  buried  under 
thclava  in  1794,  among  other  things  were  found:     I.  Glafs  changed  into  Reaumur's 

S  porcelain^ 


240  Nc'W  PithUcr.i'r.ns. 

porcc!;iin.  2.  Iron  mincrali/ed,  augmented  in  volume  to  tliricc  its  former  bulk -,  cr)ftal'- 
lizcd  within  in  grains  or  plates,  fome.  of  them  three  lines  in  length,  with  the  argentine 
brilliancy  ;  other  portions  in  red  rofcttes  of  fpccular  iron  ore,  more  or  lefs  participating  of 
the  natuie  of  fulphatc  of  iron.  3.  Silver  coin  fufcd  in  the  fame  degree  of  heat  which 
-copper  money  refilled.  4.  A  candlcftick  of  brafs  (chandelier  de  laiton)  entirely  mc- 
tamorphofed,  the  outfide  cryftallized  into  blende,  intermixed  with  oflahedrons  of  copper, 
more  or  lefa  red :  the  frafturc  of  the  candleftick  towards  the  centre  prefents  very  fine 
cubes  of  red  copper.  5.  Lead  converted  in  fome  inftances  to  litharge,  and  in  others  to 
minium,  which  is  folid,  compact,  and  of  the  mod  beautiful  red  colour. — Piftct,  Biblio- 
theque  Ijritannique. 

An  Inaugural  Differtation  on  the  Chemical  and  Medical  Hiftory  of  Septon,  or  Azote. 

By  Winihorp  Saltonftall.     Oftavo.     New  York,  1796. 
I  find  this  work  announced  in  the  22d  volume  of  the  Annals  of  Chemiftry,  No.  64^ 
for  laft  April,  with  the  following  obfcrvations : 

It  is  known  that  azotic  gas  forms  73  parts  out  of  100  in  the  atmofphere.  CavendiOi 
fiiadc  the  important  difcovery,  that  68  pares  of  oxygene,  with  32  of  azote,  produced  nitrous 
gas.  Berthollet  has  proved  that  6  pares  of  azote  and  I  of  hydrogene  form  ammoniac* 
Dcimann  and  VanTrooftwykhave  lately  proved  that  37  parts  of  oxygenc,  chemically  united 
to  63  of  azote,  form  that  gafeous  oxide  called  dephlogifticated  nitrous  air  by  Prieftlejj 
which  has  the  fingular  property  of  fupporting  combuftion,  though  it  deftroys  the  life  of 
animals  which  refpire  it.  So  that  we  know  of  four  degrees  of  o>cidation  or  combuftion  of 
azote:  i.  The  dephlogiflicated  nitrous  air  of  Pricftley,  called  by  the  modem  chemifts 
oxide  of  azote.    2.  Nitrous  gas.    3.  Nitrous  acid  gas.    4.  Nitric  acid. 

This  author  thinks  that  the  putrefaction  of  animal  fubftances  has  an  epocha  in  which 
the  azote,  at  the  inftant  of  its  difengagement^  coming  into  conta£t  with  ozygene,  may  com-* 
bine  with  it  without  requiring  a  very  elevated  temperature.     The  oxide  of  azote  thus 
formed  may  become  a  very  a£tive  poifon  \   and  the  cancer,  with  the  whole  family  of  cor- 
roding ulcers,  has  probably  no  other  origin.    The  exiialations  of  azotic  fubftances  which 
putrefy  in  marftiesj  in  prifons,  and  in  damp  hot  countries,  form,  according  to  the  hypothefis 
of  the  author,  a  certain  chemical  combination  of  azote  with  oxygene,  which  becomes  the 
caufe  of  contagion,  and  of  various  endemic  and  epidemic  diforders.     This  deftruAive  oxide 
piay  introduce  itfelf  into  the  animal  fyftem  by  die  lungs,  and  produce  putrid  fevers 
and  afthmatic  fymptonis ;  it  may  penetrate  with  the  aliments  into  the  ftomach,  and  become 
the  leaven  of  epidemic  bilious  diforders.    Does  not  the  yellow  fever  of  America  depend  on 
the  fame  morbific  gas,   fince  we  know  that  it  is  azote  which  gives  the  more  or  lefs 
intenfc  orange  colour  to  wool,  filk  or  fkin,  when  it  is  abundantly  contained  in  thofe  fub- 
ftances, and  combined  with  a  fmall  portion  of  oxygene  ?     I^aftly,  The  oxide  of  azote  may 
act  on  the  abforbent  veflels  of  the  animal,  and  produce  peftilential  bubos  and  fores. 

Here,  fay  the  editors,  are  conjectures  not  entirely  without  fome  appearance  of  truth}  but 
which  require  many  experiments  and  obfcrvations  before  they  can  be  admitted  in  the  extenfive 
degree  propofed  by  this  author.  For  example,  it  is  fo  far  from  being  demonftrated^  as  the 
author  thinks,  that  the  orange  colour  of  wool,  &c.  is  owing  to  azote,  that  it  rather  appears 
to  ariU"  from  an  exccfs  of  carbone.  The  fame  may  be  remarked  of  the  oxide  of  fepton  of 
this  author,  or  dephlogifticated  nitrous  acid.  l*his  gas  appears  to  be  nitrous  vapour  mixed 
with  oxygene  gas,  which  laft  docs  not  unite  with  the  furnlus  of  nitrous  gas  ia  the  acid* 
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ARTICLE  -I. 

iuciihj  paffif^  Eltffric  filifebat^s  tkrpfigt  W^r ;  jffuti  a  Defcrifl^jjf  ^  4^flhafir 
theft  JSxpirinwits.    ByiGsonGf  PJSAJt^W,  JIf .  J)..  F.R.S.^ 

XNtJie  Journal. de  Fhjrlique  for  the  month  of  Ndvtmher  17,891  were  puUiflied  flkcrerj 
curious  and  intercfting  experiments  of  Meflrs.  Paets  Van  Trooftwyk  and  Deiman,  with  the 
^ftance  of  Mr.  Cuthbertfon»  on  the  apparent  decompofition  of  water  by  de^bric  difcharges. 

The  apparatus  employed  was  a  tube  i2  inches  in  lengthj  jand  its  bore  was  i-8th  oiF  ^n 
indi  in  diameteri  Engliih  mcafure ;  which  wsis.  hermetically  fealed  at  one  end^  and,  while  it 
was  fealingy  if  inch  of  gold  or  platina  wire  was  introduced  within  the  tube,  and  fixed  into 
the  dofed  end,  by  melting  the  glafs  around  the  extremity  of  the  wire.  Another  wire  of 
platina,  or  of  gold,  with  platina  wire  at  its  extremity,  immerfed  in  quickfilver,  was  intro- 
duced at  the  open  end  of  the  tube,  which  extended  to  widiin  5*8tfas  of  an  inch  of  the  upper 
wire,  which,  as  was  juft  faid,  was  fixed  into  the  fealed  extremity  f. 

The  tube  was  filled  with  diftilled  water,  which  had  been  freed  from  air  by  means  of 

•*  Commuaicated  by  the  Author.    This  paper  was  read  before  the  Ro3raI  Societyy  and  an  abftraA  of  die  fame 
,publiflied  in  the  Tranfafkions  for  1797.    N. 

t  In  another  part  of  JVXr.  Van  Trooftwyk^s  merooir  it  iaibced  that  the  diftanee  vhm»  ^i  ineh  froitA  the  end  of 

the  upper  wire  'o  the  top  of  the  lower  wire ;  and  that  the  diftance  between  the  infulated  ball  and  prime  con- 

.•du£^or  was  at-  firft  3*4ths  of  an  inch,  but  that  afterwards  it  was  increafed  to  qoe  ipeb*    Although  the  wire 

.ladenrd  into  the  top  o£  the  tube  was  faid  to  be  i|  inch  m  length,  h  is  oUervtdt  that  when  a  colvmui  of  ST^ths 

.•of  ^inch  of  air  was  coUrAed,..it  was  aimoU  at  the  extremity  of  the  upper  wire.    From  thefc  and  other .{m^ 

ciifaeies,it.will  be  made  appear,  that  no.  one,  from  the  account  pubtilhed,  las  been  aUe  to  repeat  the  experim^t. 
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Cothbertfon's  laft  improved  air  pumpi  of  the  greateft  rarefying  power.  As  the  open  eiuf  oC 
the  tube  was  immerfed  in  a  cup  of  quickfilver,  a  little  common  air  was  let  up  into  the  con^ 
vex  part  of  the  curved  end  of  the  tube»  with  the  view  of  preventing  fra£lure  from  the  ekAr»» 
cal  difcharges. 

The  wire  which  pafled  through  the  fealed  extremity  was  fet  ii»  conta£l  with  a  brafs  infu- 
lated  ball  \  and  this  infulated  ball  was  placed  at  a  little  diftance  from  the  prime  condudor  o£ 
the  eleflrical  machine.  The  wire  of  the  lower  or  open  extremity,  immerfed  in  quickfilver^ 
communicated  by  a  wire  or  chain  with  the  exterior  coated  furface  of  a  Leyden  jar,  whicb 
contained  about  a  fquare  foot  of  coating ;  and  the  ball  of  the.  jar  was  in  conta£l  with,  the- 
'  prime  conduAor. 

The  ele£lrical  machine  confided  of  two  plates  of  31  inches  in  diameter,  and  fiinilar  ta 
that  of  Teyler.  It  poflefled  the  power  of  caufing  the  jar  to  difcharge  itfelf  25  times  ia> 
15  revolutions.  When  the  brafs  ball  and  that  of  the  prime  condu£tor  were  in  conta£l^  no 
air  or  gaz  was  difengaged  from  the  water  by  the  elefhical  difcharges ;  but  on  gradually  in-- 
creafing  their  diftance  from  one  another,  the  poGtion  was  found  in  which  gaz  was  difen- 
gaged, and  which  afcended  immediately  to  the  top  of  the  tube.  By  continuing  the  dif- 
charges, gaz  continued  to  be  difengaged^  and  afcend,.  till  it  reached  nearly  to  the  lowec 
extremity  of  the  upper  wire  ;  and  then  a  difcharge  occafioned  the  whole  of  the  gaz  to  difap^ 
pear»  a  fmall  portion  excepted,  and  its  place  was  confequently  fupplied  by  water. 

The  refiduary  portion  of  gaz  being  let  out  after  each  experiment,  and  the  difcharges  being 
continued  in  the  fame  water,  this  refiduary  gaz,  was  left  in  fmaller  and  fmaller  quantity  ; 
to  that  after  four  experiments,  probably  made  on  the  fame  day,  it  did  not  amount  to  more 
than  i-8oth  of  the  bulk  of  gaz  which  had  been  produced.  If  it  had  been  poffible  to  pafs 
ele£iric  fparks  through  this  very  fmall  quantity  of  gaz  a  (econd  time,  or  oftener,  it  was 
fuppofed  it  would  have  been  diminiflied  ftill  more.  But  when  the  tube  had  been  left  for 
a  night  only  filled  with  water,  the  refiduary  gaz  was  in  greater  quantity  than  after  the  hit 
experiment  the  preceding  day  ♦.  . 

It  was  concluded  that  the  gaz  produced  by  the  ele£brical  difcharges  was  oxygen  and: 
hydrogen  gaz,  from  decompounded  water : 

1.  Becaufe  no.  other  gaz  hitherto  known  inftantly  difappears  on  pafllhg  through  it  an 
eledric  fpark. 

2.  The  gaz  obtained  mud  have  been  the  oxygen  and  hydrogen  of  decompounded  water, 
becaufe  they  were  in  cxaftly  thofe  proportions  in  which  by  combination  they  reproduce 
water ;  the  trifling  refidue  being  confidered  to  be  merely  a  portion  of  air  which  had  been 
diflblvcd  ia  the  water. 

3.  Liquids  which  are  not  compounded  of  hydrogen  and  oxygen,  as  fulphuric  and  nitric 
acids,  afforded  gaz  by  the  eleflric  difcharges,.  but  which  did  not  difappear  on  pafling 
through  it  an  elcQric  fpark ;  but  which  did  difappear  on  adding  to  it  nitrous  gaz  ov«r 
water.    Mr.  Schurer  alfo  aflcrts,  on  the  authority  of  Mr.  Van  Trooftwyk,  that  even  liquid 

•  In  at  Icaft  fifty  experiments  I  have  never  focn  the  refidue  of  gaz  Icfs  than  i-4oth  of  the  gae  produced,  aU 
though  the  water  had  been  freed  from  air  by  the  moft  cffcftual  means.  But  Mr.  Schurer  (A  nnales  de  Chimk}, 
torn.  V.  p.  176.)  teftifies  that  he  faw  Mr.  Van  Trooftwyk  make  the  experiment  j  and  that  after  it  was  re- 
peated many  times ,  on  the  fame  parcel  of  water,  tb/rre  ilos  no  rrjidue  at  all,  T  have  very  good  groundt  for  be« 
IkvtPgi  that  this  is  one  of  the  number  of  inaccuiacics  in  ihc  account  publiihed  of  this  fubjedl. 

muriatic 
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muriatic  aci<l>  which  contains  a  very  Urge  proportion  of  water^  adords  hydrogen  gaz  only, 
the  oxygen  being  abforbed  by  the  muriatic  acid,  and  becoming  oxy-muriatic  acid. 

From  much  experience  I  can  fafeiy  affirm,  that* it  is  fcarcely  poflfible  for  the  (tudentj  or 
•even  the  proficient,  to  inftitutc  the  above  experiment  with  fuccefs  from  the  explanation 
publiQied.  Hence,  during  the  fix  years  which  have  elapC^d '  fince  its  publication,  no  con- 
firmation has  been  publiQied  except  the  experiment  repeated  by  Mr.  Cuthbertfon,  for  my 
fa  tisfadion,  as  related  in  my  work  on  the  chemical  nomenclature;  but  I  have  heard  of 
many  perfons,  and  fome  of  whom  were  experienced  electricians  and  chemifts,  who  made 
the  attempt. 

Since  Mr.  Cuthbertfon  came  to  reCde  in  London,  I  have  learned  from  him  the  circum* 
(lances  requifite  to  the  fuccefs  of  the  experiment ;  and  I  have  received  from  him  alfo  very 
great  afliftance  in  continuing  a  procefs  with  the  objects  I  had  in  view,  the  tedioufnefs  and 
even  difficulties  of  which  can  only  be  conceived  by  thofe  who  have  been  engaged  in  the 
fame  purfuit. 

I  am  very  fenGble  that  it  would  be  unneceflary  for  me  to  explain  the  importance  of  a  pro- 
cefs which  may  at  lad  affi^rd  demonftration  of  the  compofition  of  water,  by  the  fulleft  and 
unequivocal  evidence  of  its  analyfis  and  fyntheCs  \  a  demonftration  which  no  other  fingle 
procefs  but  the  prefent  promifes  to  affi^rd. 

I  propofe  therefore  in  this  paper : 

X.  To  give  fuch  a  defcription  of  the  experiment  of  rendering  water  into  gaz  by  elejlric 
difcharges,  as  (hall  enable  any  perfon  who  is  verfed  in  pneumatic  chemiftry,  and  acquainted 
with  the  theory  and  pra£lice  of  eledricity,  to  repeat  it  with  fuccefs.  By  this  defcription, 
alfo,  I  apprehend  I  (hall  make  known  more  generally  the  very  elegant,  and  frequently  moft 
fatisfafiory,  mode  of  decompounding  and  compounding  bodies,  by  means  of  the  fire  of  the 
eledlric  difcharge. 

2.  It  is  propofed  to  relate  the  additional  evidence  which  I  have  already  obtained  from  this 
procefs,  concerning  the  compofition  of  waten  For  although  it  feems  moft  probable  that 
water  is  really  decompounded  in  Mr.  Van  Trooftwyk's  experiment,  it  muft  be  confefTed 
that  it  does  not  make  appear  a  fingle  unequivocal  -and  decifive  property  of  hydrogen  and 
oxygen  in  the  gaz  produced.  The  difappearance  of  this  gaz  by  combuftion,  or  in  fome  other 
way,  inftantly  on  paffing  through  it  an  eleftric  fpark,  it  is  true,  is  a  property  known  only  to 
belong  to  the  mixture  of  oxygen  and  hydrogen  gaz  \  but  it  is  well  afcertained,  that  things 
of  totally  different  fpecies  may  agree  in  one  or  more  properties.  And  there  is  at  leaft  a  po0i« 
bility,  that  ele£tric  difcharges  may  produce  various  other  kinds  of  gazes  in  water,  befide* 
hydrogea  and  oxygen  from  decompounded  water  5^  and  which  may  have  the  property  of 
inftantly  difappearing  on  paffing  through  them  an  ele£lric  fpark. 

3. 1  (hall  attempt  to  refolve  the  phenomena  of  the  procefs  into  a  general  law  of  the  adion 
oi  fire,  or  of  the  joint  z€t\on  of  caloric  and  light. 


SECTION      I. 

X)f  the  Manrur  of  ronJuffhg  the  Procefs* 

ELECTRIC  AiTcharges  may  be  employed  in  two'  different  manners  to  decompound 
water.  One  of  thefe  is  by  what  has  been  termed  the  interrttpted  explo/ton;  which  was  the  me-* 

I  i  2  thod, 


Ab^i  «ttlkDii|b  not  fo  explained,  of  Mr.  Van  Trboftwyk.  And  the  other  ttietbod  xilyf  mesnp 
•f  tbe  umnUrrufted  or  complete  escplofion ;  for  "which  there  art  two  diflfeneot  kinds  of  «p«' 
panrtus.  Thefe  were  invented  by  Mr.  Cuchbeitfon  in  Che  Cbtirft  of  my  inteftigation  of  t&it. 
fitbjeft. 

'to  fucceed  by  the  method  of  the  ifitirriipteJ  exphfatt^  the  fbBowisg  aire  the  neceffiify  pirllii 
of  tfhe  apparatus  to  be  ufed,  and  the  chrcantftances  to  be  attended  to : 

I .  Thi  ASricmt  maehlne  muft  pBJjefs  fuffltimt poHttr.  I  do  not  think  any  cyfindrtoal  macMur 
can  be  made  to  an/wer  in  thir  procefs  if  a  Inge  cpianthy  of  gas  be  reqmre^;  becaufe  tbof- 
cannot  be  made  to  a£\  with  due  regularity^  conftancyy  and  force.  Inequality  of  the  ftirfbot^ 
of  the  cytmder  is  unavoidable,  which  canfes  in;idalation.  ^  A  cylindrictl  machine  netec 
continues  in  full  force  above  five  or  fix  miitntes,  without  frefli  amalgam.  'Hence,  from  thfr 
repeated  amalgamization,  the  difcharges  will  be  fo  variable  that  the  tubes  muft  be  freqiMHl)t 
broken. 

I  ufed  plate  machines  of  a  peculiar  conftruftion  by  Cothbertfon.  The(e>  machines  ii^ 
not  require  frefli  amalgamization  oftener  than  once  in  eight  houts,  and  they^poflefs  fuperior 
powers  of  afting,  in  point  of  regularity,  force,  and  duration.  A  plate  of  24  inches  in  dii^ 
meter,  with  ajar  containing  150  fquare  inches  of  coating,  afforded  an  adequate  dlfcharge 
every  fecond  or  third  revolution,  for  feveral  hours;  and  for  a  ftill  longer  time  every  third  or 
fourth  revolution,  with  one  application  of  amalgam.  A  31  inch  plate  machine  afforded ik 
due  difcharge  at  firft  every  revolution,  and  afterwards  every  fecond  revolution  for  many 
hours,  wtth  one  ap^ic;^n  of  smialgam.  The  moft  ufeful  and  expeditious  machine  was. 
that  with  twa  plates,  each  24  inches  in  diameter,  and  (Mnihr  to  that  of  Teylec  It  produced 
35  difcharges  every  15  revokxtions  for  an  hour  or  two;  and  for  four  or  five  hours  longer 
a  difcharge  was  produced  by  lefs  than  two  revolutions,  with  one  anialgamization. 

a»  The  Leydinjar  muft  have  a  fuffkknt  quantity  tf  coated  furf ace  i  without  which  the  dif** 
charge  will  not  be  fufficiently  powerful  to  produce  the  gaz  required.  Tlie  proper  qixantitj,. 
as  found  by  experience,  was  about  150  or  160  fquare  inches,  with  an  ufual  propoirtionaK 
prime  condudor. 

3*  The  JUJtance  tetvfeen  the  infalated  iafff  and  the  prime  conduBer^  muft  afways  he  left  than 
the  diftance  between  the  extremities  of  the  wires.  Nbt  the  leafl  notice  of  this  circumftance 
has  been  taken ;  yet  withouf  attention  to  it  the  experiment  can  never  fucceed,  or  only  for 
a  very  (hort  time.  Accordingly,  as  the  diftance  between  the  extremities  of  the  wires  within* 
the  tube  anRrered  bcft  when  it  was  5-8ths  or  7*Sths  of  an  inch,  the  diftance  between 
the  infulated  ball  and  prime  condudor  was  feldom  more,  but  frequently  leCs,  than  5*8ths 
or  6-8ths  of  an  inch.  The  eye  muft  be  kept  upon  the  fparks  within  the  tube,  and  by  prac- 
tice a  perfon  may  become  a  judge  of  their  force  by  their  vividnefs ;  which  will  dire£):  him 
to  bring  the  receiving  ball  nearer  to  the  prime  condu£tor,  when  there  appears  danger  of  the 
tube  being  broken ;  and  on  the  contrary,  to  remove  them  to  a  greater  diftance  from  one 
another  when  the  fparks  do  not  produce  gaz  duly  from  the  water.  When  the  difcharge  is 
of  the  moft  produflive  force,  both  ends  of  the  wire  within  the  tube  will  be  illuminated  by  a 
fpark;  but,  when  it  is  weaker,  one  end  only  of  the  wire  will  be  illuminated;  and  when 
this  is  the  cafe,  there  is  no  rifque  of  the  tube  being  fra£tured^  but  gaz  will  rife  from  the 
end  of  one  wire  only  inftead  of  two. 

4«  The  extremities  of  the  tipper  attd  under  wire  within  the  tube  mujl  he  at  o  certain  diftance 

5  from 
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fhm  cneawthit.  XI  tftey  be  too  near  one  another,  the  points  of  them  wiH  not  be  illuminMedj 
and  provided  the  tnfulated  ball  be  as  near  to  the  prime  conduflor  as  the  two  wires  are  to 
one  another,  the  tube  will  be  broken^  becaufe  there  will  be  a  complete  explofion.  But 
if  the  wires  be  at  too  great  a  dlftance  from  one  another,  the  ele£lric  fluid  of  the  difchargc 
will  be  fo  diffufed  through  the  water  that  no  gaz  will  be  produced.  If  the  Leyden  jar  con- 
tain, as  ^bove  dated,  150  or  160  fquare  inches  of  coated  furface;  and  the  ball  of  the  prime 
eondu£h)r  and  of  the  infnlated  ball  be  about  three  inches  in  diameter,  the  diftauce  between 
the  wires  which  generally  anfwered  bed,  was  about  5-8ths  or  7-8ths  of  an  inch,  as  above 
faid*  The  narrower  the  bore  of  the  tube,  the  greater  may  be  the  diftance  between  the  two 
wires ;  accordingly,  the  didance  may  be  one  inch  with  a  tube  i-i4th  of  an  inch  wide. 

5.  The  upper  tuire  fixed  into  the  c/ofid  extremity  of  the  tubes  mitft  be  vf  a  proper  kngth  and 
thicknefs*  If  this  wire  be  too  long,  either  the  discharge  will  not  be  carried  through  to 
the  end  of  the  lower  wire  in  fuflScient  quantity  to  produce  gaz ;  or,  if  it  be  in  fufficient 
quantity  to  produce  gaz,  the  tube  will*  be  fra£tured.  The  fmaller  the  diameter  of  the  tube, 
the  longer  may  be  the  upper  wire,  for  a  reafon  to  be  given  under  the  next  head.  I  generally 
found  that  the  difcharge  requifite  to  produce  gaz  fra£bured  the'tube,  if  the  upper  wire  was 
more  than  6-8ths  or  7-8ths  of  an  inch  in  length,  >^ithin  a  tube  of  more  than  i-8th  of  an- 
inch  in  diameter.  But  with  very  narrow  tubes,  fuch  as  thofe  of  i-i6th  of  an  inch  in  dia- 
meter,' I  frequently  fucceeded  when  the  upper  wire  was  i^th  of  an  inch  in  length.  It  is 
obvious,  that  the  diorter  the  upper  wire  the  more  readily  will  gaz  be  produced :  the  procefs, 
kowever,  wiH  be  rendered  dill  more  tedious  in  thofe  cafes  in  which  a  quantity  of  gaz  is  ta 
be  coUedied  in  a  refertoir  for  examination;  on  account  of  the  time  confumed  in  transferring 
fuch  fmall  parcels  of  gaz  by  each  experiment. 

The  diameter- of  the  upper  wire  cannot,  perhaps,,  be  too  ibiall ;  for  the  greater  its  fuper* 
ficies,  the  more  ele£tric  fluid  will  be  parted  with  to  the  furrounding  water.  Hence  platina 
wire  of  the  fined  fort,  as  that  of  i-240th  of  an  inch  in  diameter,  may  be  ufed  with  fuperior 
advantages.  This  fort  of  wire  alfo  cannot  be  melted  while  it  is  foldering  to-the  glafs, 
which  can  hardly  be  prevented  with  fine  M'ire  of  other  metals.  However,  I  found  that 
copper,  brafs,  or  gilt  wire^  of  about  i-8otbor  i-ioothof  an  inch  in  diameter^  could  be 
foldered  to  the  glafs,  and  anfwered  perfef^ly.  I  did  not  find'  that  any  of  the  metal  wires* 
were  aflPefled  by  the  diCcharge  1  but  iron  or  deel  ones  are  not  proper,,  oa  account  of  their 
being  fo  foon  oxidified  by  the  water,  and  confequently  extricating  from  it  hydrogen  gaz,  I 
did  not  find  any  advantage  from  ufing  feveral  fmall  wires  twided  together^  but  feparated  at 
the  end  within  the  tube;  for  gaz  was  extricated  generally,  at  the  point  of  one  of  them- only,, 
namely,  the  undermod.  I  think  care  fliould  be  taken  to  fix  the  upper  wire  fo  that  it  (hall 
be  in  the  middle  of  the  tube ;  as  in  that  cafe  the  tube  will  be  lefs  liable  ta  be  broken.  As  to 
the  under  wire,  the  diameter  of  it  feems  to  be  of  little  importance*;  for,  if  it  be  a  thick  one^ 
as  much  gaz  will  be  extricated  as  if  it  were  a  fmall  one ;  becaufe  the  ele^faic  difcharge  will* 
take  the  fird  point  of  the  furface  of  the  wire  where  the  gaz  is  produced* 

6juThe  tubes  mtift  be  of  a  proper  length  and  diameter.  If  they  be  fliorter  than  (even  incheSf 
the  difcharge  will  be  liable  to  pafs  over  the  outfide ;  and  if  they  be  tonger  Vhan  twelve 
inches,  they  will  be  of  an  inconvenient  length.  I  found  the  mod  convenient  length  to  be 
from  nine  to  ten  inches,  exclufive  of  the  curved  part.  The  curved  part  was  found  very 
ufeful  in  preventing  air  afcending,  which  was  accidentally  let  into  the  tube^  by  which  the 

produ£fc 
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proiiu£l  of  gaz  from  the  experiment  would  have  been  contaminated.  Such  curved  ex* 
tremitlcs  were  however  lefs  convenient  than  (Iraight  ones,  on  account  of  the.greater  diffi- 
culty of  transferring  from  the  former  than  from  the  latter.     See  Fig.  i  and  a,  Plate  XI. 

The  diameter  of  the  tubes  (hould  not  be  more  than  i-8th  or  lefs  than  i-i  2th  of  an  inch. 
At  lead  in  my  experiments  thefe  tubes  anfwered  bed.  If  they  were  wider,  the  difcharge 
requifite  to  produce  gaz  broke  the  tube.  If  the  tubes  be  narrower  than  juft  mentioned,  the 
experimenter  will  find  it  difficult  and  tedious  to  transfer  the  gaz,  through  the  curved  pait^^ 
into  a  refervoir,  in  thofe  cafes  in  which  a  large  quantity  is  wanted  for  examination.  Where  • 
however  the  object  is  merely  to  (hew  the  produ£lion  of  gaz  by  means  of  the  eleArical 
difcharge  paOed  through  water,  between  two  wires ;  and  the  inftant  difappearance  of  gaz 
(o  produced  by  pafling  through  it  an  dleflric  fpark,  the  narrowed  tubes  are  mod  eligible^ 
as.  with  them  the  experiment -can  be  made  in  a  (horter  time.  But  there  was  one  incon- 
venience experienced  from  very  narrow  tubes,  namely,  the  bubbles  of  gaz  were  very  apt 
to  hang  near  the  end  of  the  upper  wire  indead  of  afccnding ;  and  they  were  apt  to  form 
large  bubbles,  with  water  between  each ;  in  which  fituation  the  difcharge  frequently  ^ 
fradlured  the  tube,  or  made  gaz  to  difappear  by  combudion  in  the  courfe  of  the  experiment. 
To  poflefs  at  once  the  advantages  of  the  narrow  and  wide  tubes ;  about  three  to  fix 
inches  of  narrow  tube  were  joined  by  fufion  to  a  bottom  part  of  wider  tube  (fee  Fig.  3} ; 
into  the  curve  of  which  tube  the  gaz  produced  was  let  up  from  time  to  time  ;  fo  that  this  part 
frequently  contained  the  produtSls  often  or  more  experiments  before  the  gaz  was  transferred 
into  the  refervoir.  The  vad  number  of  tubes  which  were  brokeii  in  this  experiment  induced 
me  to  try  various  different  kinds  of  them.  I  experienced  no  advantages  from  annealing 
tubes ;  but  their  being  feemingly  rendered  more  brittle,  and  harder,  by  this  treatment,  was  an 
effefl  which  I  lead  of  all  expe£led.  Tubes  with  thin  fides  anfwered  jud  as  well  as  with  thick 
ones.  Bohemian  green  glafs  tubes  were  found  excellent  for  this  experiment,  as  they  were 
much  lefs  apt  to  be  cracked  by  the  difcharges  than  any  kind  of  Englifli  glafs.  To  fave  time 
and  trouble  in  fo  frequently  letting  out  gaz  produced  in  very  narrow  tubes,  a  fmall  bulb  was 
made  at  the  fealed  end  (fee  Fig.  4  ).  In  this  cafe,  however,  as  the  upper  wire  muft  be 
ihorter  than  other  narrow  tubes,  it  was  more  difficult  to  regulate  the  explofion. 

Although  common  atmofpherical  air  is  an  eleAric,  and  water  is  a  coTklu£ior  of  eleflricityy 
it  appears  that  the  difcharge  pafTcs  with  more  refidance  from  wire  to  wire  through  water  in 
the  above  experiment,  than  througb  common  air  under  otherwife  the  fame  circumdancet. 
The  reafon  of  which  is  this :  air  being  an  eladic  anS  very  rare  fluid,  it  more  readily  gives 
way  to  the  eleftric  difcharge  than  water  j  and  it  can  therefore  pafs  through  a  longer  and 
thicker  column  of  air  between  two  wires,  without  breaking  the  glafs  tubes,  than  it  can 
through  water.  For  although  water  is  a  conduftor,  yet  in  a  very  fmall  quantity  k  is  a  very 
indifferent  one ;  fo  that  its  denfity  and  defect  of  eladicity  more  than  compenfate  for  its  con- 
du£ling  powen  Hence  alio,  and  on  account  of  the  conducing  power  of  water,  the  reafon  of 
the  upper  wire  in  this  experiment  being  (horter  in  proportion  as  the  tube  is  wider;  and  on  the 
fame  account  will  be  feen  the  reafon  of  the  advantages  of  a  fmall  upper  wire  over  ihiickeroncs. 

It  will  be  neceffary  to  add,  that  the  tubes  with  curved  extremities  can  only  be  filled  by 
fetting  them  in  water  under  a  receiver,  and  exhauding  the  air  from  the  receiver,  tubes,  and 
water;  then,  by  letting  in  tlie  air  again,  the  water  will  be  forced  up  into  the  tubes.  Some- 
times, however,  I  have  filled  the  tubes  by  fetting  them  in  Papin's  digedor. 

J  Thefc 
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Thefe  are  the  dircAIons  for  making  the  experiment ;  but  the  rationale  of  it  cannot  be 
underftood  unlefs  the  nature  of  the  interrupted  explo/ion  be  explained;  becaufe  I  believe  books 
on  ele£lricity  do  not  contain  the  neceiTary  information.  It  mud  be  confidered,  in  the  above 
experiment,  that  if  in  place  of  water  the  tubes  be  filled  with  air,  the  whole  of  the  charge 
of  the  Leyden  jar  will  pafs,  at  each  explofioni  from  the  upper  to  the  under  wire,  and  no  in- 
terruption in  the  difcharge  will  happen  ;  but  if  they  are  filled  with  water,  then  an  inter- 
rupted difcharge  may  be  caufed  ;  by  which  is  meant  that  a  part  of  the  charge  only  pafles  at 
each  explofion  through  the  water,  from  wire  to  wire,  and  with  much  diminiflied  velocity. 
The  refiduary  eledirlcity  in  the  Leyden  jar  is  nearly  one  half;  as  maybe  accurately  de- 
monftrated  from  the  difference  in  point  of  denfity,  elafticity^  and  condu£iing  power  of  the 
medium  of  water  and  air  as  already  obferved.  It  muft  be  added,  that  although  water  in 
large  quantity  is  a  good  conductor,  and  air  is  not  \  yet  water  being  here  in  very  fmaU 
quantity,,  it  proves  a  bad  condudor,  as  is  the  cafe  with  the  very  bed  conductors.  A  cubic 
foot  of  water  is  only  juft  capable  of  receiving,  or  letting  pafs  through  it,  a  foil  difcharge 
from  a  jar  of  one  foot  of  coated  furface ;  and  the  quantity  of  water  employed  in  this  experi* 
ment  not  being  .^^^^^th  pact  of  a  cubic  foot,  it  is  a  very  imperfe£k  conductor ;  fo  that  aa 
interrupted  difcharge  only  can  pafs  through  the  tube,  without  difperfing  the  whole  of  the 
water.  But  if  the  difcharge  be  not  feemingly  as  ftrong  as  the  tube  can  bear  without  break* 
ing,  the  gaz  is  not  produced  from  ic ;  and  ^ooi  this  point  hinges  this  extremely  delicate 
procefs. 

The  fituation  of  the  diflerent  parts  of  the  above  defcxibed  apparatus  is  fhewn  by  Fig*  5. 

To  fucceed  by  the  method  of  the  complete  ox  uninterrupted  explofion^  the  following  apparatus 
muft  be  ufed,  and  rules  obferved: 

I.  A  tube  (Fig.  6.)  is  employed,  about  four  or  five  inches  in  length,  and  i-5thor  i-6th 
of  an  inch  in  diameter.  One  end  is  mounted  witb  a  brafs  eap  (Fig.  7.),  and  the  other  end 
is  fealed  at  the  lamp,  with  a  wire  about  i-40th  of  an  inch  in  thicknejGs  fixed  into  it,  a^  above 
defcribed  *,  which  extends  into  the  brafs  cap,  fo  as  to  be  almoft  in  contaA  when  the  explofion 
is  made.  If  the  wire  touches  the  brafs  cap  there  will  be  no  explofion.  The  tube  being 
filled  with,  and  fct  in,  a  cup  of  water,  the  difcharge  may  be  madie  into  it  as  in  the  above 
defcribed  procefs ;  but  here  the  infulated  ball  muft  be  placed  at  a  greater  diftance  from  the 
prime  conduftor,  and  a  Leyden  jar,- with  only  50  fquare  inches  of  coating,  will  anfwer  the 
purpofe.  In  this  way  of  making  the  experiment,  gaz  is  produced  by  each  difcharge  in  the 
brafs  tube,  and  in  much  greater  quantity,  acid  with  much  lefs  frequent  accidents,  and  lefs 
trouble,  than  in  the  former  method  with  the  interrupted  difcharge^  But  the  gaz  obtained 
with  this  apparatus  always  contains  a  larger  proportion  of  atmofpherieal  air,  on  account  of 
the  quantity  of  water,  and  more  immediate  and*  exrenfive  communication  of  it  with  the 
atmofphere.  By  repeated  difcharges  there  is  an  imprefiion  made  in  the  brafs  tube,  in  the 
part  where  the  difcharge  pafles  through  it,  and  at  laft  a  fmall  hole  is  made  in  that  part. 
On  this  account  the  fame  mounted  tube  cannot  ferve  for  producing  a  large  quantity  of 

The  other  fort  of  apparatus  invented  by  Mr.  Cuthbertfon  is  reprefented  by  Fig.  8.  At 
firft  it  confifted  of  a  glafs  tube  half  an  inch  wide  and  about  five  inches  in  length,  ihounted 
at  one  end  with  a  brafs  funnel,  and  inverted  in  a  brafs  difh;  but  afterwards  the  tube  was 
blown  funnel-wife  at  the  end,  as  (hewn  by  Fig.  9^    The  other  end  muft  have  a  wke 

about 
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about  i-4oth  of  an  indi  thick,  fcaled  into  it  at  the  lamp ;  which  wire  extends  to  nearly,  the 
bottom  of  the  brafs  di(h  in  which  the  tube  (lands. 

I'lie  txzQt  diftance  between  the  end  of  the  wire  and  btaCi  diQi  muft  be  found  by  trials  i^ 
that  which  generally  anfwered  in  my  experiments  was  about  i-20th  of  aninclu  If  it  be 
properly  arranged,  gaz  will  be  produced  at  each  difcharge. 

The  Leyden  jar  ufed  with  this  apparatus  muft  contain  about  150  fquare  inches  of 
coating. 

The  diftance  between  the  infulated  ball  and  the  prime  condudior,  at  which  the  experi* 
ment  fucceeded,  was  commonly  about  half  an  inch. 

If  experiments  be  |»rapofed  in    which  ele£lrical  difcharges   muft  be  pafled  througli 

water  or  other  fl«ids,  for  ^?9cvl  a  much  longer  time  than  was  confumed  in  performing 

thofe  fefierred  to  or  vdated  in  this  paper,  it  may  be  an  objeA  to  employ  the  wind,  or  per* 

haps  the  power  of  a  horfe,  to  turn  the  eledrical  machines^  the  expence  of  labourers 

confiderable* 

[To  he  cMtinuii.^ 
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By  Citizen    Fau^ELIN. 

f  Continued  from  page  717.] 

SECTION     m. 

^TfiEL    MO.    864— LARGE    PI£CE. 

juJTPERfMENT  I.  1152  grains,  or  61,14  grammes,  of  this  fteel,  broken  into  fmall 
particlesi  were  diflblved  in  the  fulphuric  acid  diluted  with  five  parts  of  water.  There  re- 
mained at  the  bottom  of  the  foltuion  5,5  grains,  or  0,292  grammes,  of  black  powder  of  the 
Carburet  of  iron.  In  another  experiment,  the  fame  quantity  of  this  fteel  afforded  6^.  of 
carburet  of  iron;  a  quantity,  the  medium  of  which  is  5,95,  and  confequently  the  refidue 
forms  a  fraAion  of  the  diflblTcd  mafs  equal  to  0,035 1. 

Experiment  11.  lOO  grains,  or  5,3  grammes,  of  the  fame  fteel,  diflblved  in  the  fuljAuric 
acid,  afforded  121  inches,  or  2420  cubic  millimetres  of  hydrogene  gas.  The  black  reEduc 
weighed  fcarcely  0,75  grains. 

Experiment  IIL    The  5,5  grains  of  carburet  of  the  firft  experiment  being  fubje^ied  to   « 
heat  under  a  muffle,  took  fire,  and  left  three  grains  of  a.  grey  yellowifli  mafs,  which,  when 
treated  with  boiling  muriatic  acid,  afliimed  a  white  colour,  while  the  acid  became  yellow. 
It  was  reduced  to  1,66  grains,  which  amounts  to  0,0014  ^^  ^^  ^^^^  ^^  ^^^'*     ^^^  f^^ 
ftance  poflefled  all  the  charaAers  of  filex. 

The  muriatic  acid  ufed  in  this  boiling  contained  a  perceptible  quantity  of  iron,  which  ap- 
peared to  be  the  caufe  of  the;  yellow  colour  it.  poflefled  previous  to  the  operation. 

Experiment  IF.  The  folution  of  1152  grains  of  iron  in  the  fulphuric  acid  having  been 
treated  as  in  Experiment  III.  SeAion  2,  afforded  58  grains  of  phofp hate  of  iron,  whtek 

*  makes 
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makes  about  0,0$  of  the  weight  of  the  fteel  employed. "  Thd  fltid  likewife'ilepofite41>]r 
ebullition  96  grains  of  a  deep  red  matter,  which  did  not  perceptibly  ^ont^in  phofpjute  o( 
iron. 

From  this  refult  it  appears  that  the  prefent  fteel  contains  nearly  three  times  the  quantity 
of  phofphorus  exhibited  by  No.  864,  the  fmall  piece.  For  576  afforded  only  19  of  phof- 
phate  of  iron,  whereas  11 52,  or  only  tmce  the  quantity,  afforded  58  grains.  This  fteel 
xauft  confequently  be  more  brittle  when  cold,  if,  as  there  is  no  reafon  to  doubt  from^the 
numerous  experiments  of  Bergman  and  other  chemifts,  that  phofphorus  is  the  eflcntial  caufe 
of  the  cold  fhort  quality  of  iron  and  fteel. 

Experiment  V.  288  grains  of  fteel  No.  864,  the  large  piece,  diflblved  in  fulphureous  acid, 
as  before  mentioned,  left  6,5  of  carburet  of  iron,  which,  fuppoling  it  to  contain  as  much 
fttlphur^and  iron  as  that  of  No.  864,  the  fmall  piece,  would  give  3,71  of  carbone,  or  about 
the  0,01  oth  part,  or  rather  more  than  one-hundredth  part  of  the  fteel  employed. 

Experiment  VL  This  fteel  was  fubje£ted  to  all  the  proofs  calculated  to  fliewthe  prefence 
of  manganefe,  but  without  any  exhibition  of  that  fubftance.  It  may  therefore  be  concluded 
that  this  fteel,  as  well  as  the  other  examined  before,  does  not  contain  any  perceptible 
quantity  of  manganefe,  at  leaft  fo  far  as  the  prefent  methods  of  chemiftry  are  capable  of 
fhcwing  it  *•  .^ 

S  E  C  T  I  O  N     IV.    . 

STEEL  NO.  977. 

Experiment  L  144  grains,  or  7,631  grammes,  of  this  fteel,  difToIved  in.the  fulphuric  acid, 
diluted  widi  five  parts  of  water,  aflbrded  164,94  cubic  inches  of  hydrogei;ie  gas,  and  left 
0,941  grains,  or  about  0,05  grammes,  of  carburet  of  iron,  or  nearly  0,007  of  its  mafs. 

Experiment  11.  504  grains,  or  about  26,7  grammes,  of  the  fame  fteel,  diflblved  in  th^ 
fulphuric  acid,  diluted  with  five  parts  of  water,  the  folution  being  diluted  with  a  large 
quantity  of  water,  and  its  excefs  of  acid  faturated  iK^th  carbonate  of  pot-a(h,  depofitcd,  a 
few  inftants  afterwards,  a  large  quantity  of  a  white  matter,  flightly  inclining  to  grey,  which 
acquired  a  ftraw-colour  by  contaA  of  the  air.  This  matter  was  phofphate  of  iron,  and 
weighed  22  grains,  or  about  1,16. grammes. 

Experiment  III.  The  liquid  whence  the  phofphate  of  iron  had  been  precipitated  by  the 
carbonate  of  pot-afli  was  fobmitted  to  ebullition,  and  again  depofited  22  grains,  or  1,16 
grammes,  of  matter,  in  which,  however,  there  was  fcaroely  any  phofphate  of  iron.  So  that 
504  grains  of  the  fteel  No.  977  contained  23  or  24  grains  of  phofphate  of  iron;  dut.is  to 
fay,  0,047  of  its  mafs. 

Experiment  IF.  Thefe  24  grains  of  phofphate  of  iron,  treated  by  long  ebullition  with  cauftic 
foda,  afliimed  a  deep  red  colour,  and  after  wafliing,  and  drying  in  the  air,  weighed  only 
15,33  grains.  Tliey  loft  therefore  8i,67  grains  of  phofphoric  acid,  whidi  afforded  17,54 
grains  of  cryftallized  phofphate  of  foda. 

*  The  oxide  of  iron  formed  with  this  fteel,  ftrongly  oxided  by  the  a6^ion  of  fire,  and  aftertwds  tieaied  with 
the  nitric  acid  and  fugai^  afforded  an  oxide  which  threw  down  a  very  beautiful  blue  with  the  prufliate  of  pot-aih« 
The  fame  oxide  fuied  with  borax  afforded  a  greeniih  globule  %  but  when  heated  with  the  extemal.flame  at  thf 
extremity  of  a  pair  of  forceps  it  ^acquired  a  flight  puiple  colour*  w^dch  diiappeared  as  the  globule  became  cold,  ^ 
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Mt^piritmni  W.    This  Aecl,  dlfloKed  in  Ae  fulphureoM 
liBM  quantity  of  carkuie  of  iron  at  No.  864,  the  fimall  piece. 
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rrBEL  MO^  I024. 

Mxperimeni  t.  One  hundred  grains,  or  about  5^3  grammes,  of  filings  of  this  fted  a£^ 
forded  108  cubic  inches  of  hydrogene  gas  duVxlsg  their  foiution  in  the  fulphnric  acid. 

I  have  remarked  that  the  hydrogene  gas  produced  by  this  fteel  had  an  extremely  fetlA 
finell,  infinitely  (Ironger  than  that  of  the  gafes  aflfbrded  by  the  Other  fteels*^  which  appetas 
io'arife  from  the  greater  quantity  of  phofphorus  it  contai&s  *. 

Experiment  It  288  grains  of  filings  of  the  fame  fteel  being  diflblved  in  the  liti))hurlc  aeid^~ 
diluted  with  five  parts  of  water,  the  carburet  of  iron  feparated^  the  foiution  diluted  withi 
water,  and  the  excefs  of  acid  faturated  with  carbonate  of  pot-a(h,  afibrded  a  very  con(ider«« 
able  white  depofition  of  phofphate  of  iron,  which,  when  weH  wafhed  and  dried,  rematoeii 
%hite,  and  weighed  a6  grains,  or  aboitt  0,0^  of  the  m'afs  of  fteel  made  ufe  of.  Thefe  26^ 
grains  of  phofphate  of  iron,  treated  with  cauftic  foda,  afforded  12  grains  of  pho^hate  0^ 
foda,  and  the  ferruginous  refidue  weighed  f  7  gsains« 

Experiment  III.  288  grains  of  fteel,  diflblved  in  the  fulphureous  acid,  Ibft  a  carbona-^ 
ceous  refidue,  which,  treated  with  pot-a(h  in  the  manner  deficribed  Se£tion  IL  and  dried^ 
weighed  3,5  grains.  But  on  account  of  the  minute  loiies  which  it  is  impoffible  to  avoid  ia* 
a  numerous  feries  of  manipulations,  the  quantify  of  this  fubftance  may  be  eftimated  at  four 
grains  \  and  that  the  more  reafonably,  as  the  odier  kinds  of  fteel  gave  neaxlf  the  (ame* 
refults.  The  quantity  of  caiburet  of  iron  in  this  fteel  was  therefore  femewhat  lc£i  thaa 
1^^014  of  the  mafs  of  the  fteeL 

Experimint  IF.  This  fieel^  fubjicCle^  to  die  proofs  requifite  to  di£^ver  tlie  prefencc.  o€ 
mangsmefe)  ptefented  no  trace  tiiereo£ 
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Tabk  of  the  Quantities  of  Hydrogene  Gas  afforded  by  each  Kind  of  SteeK 

By  uniting  ihe  different  ^vanHties  of  hydrogene  gas  afibrded  by  the  docimaftic  qutntd! 
of  each  of  the  fteels  difiblved  in  the  fiilj^huoc  aeid,  we  have  the  fbUowing  refnlts^fbr  pack 
IQO  grains. 

Cubl(  iiicheSi 

SteeI^  No.    884,  (mail  piece  »            •«•             —  108 

No.    8649  large  piece  .        ■                       —               —  121. 

No.   977  ■        I             ■                         —  114.. 

Ko.  1024  ■■                            ■                   **  108. 

*  The  fmell  ofparrid  gaplick  emitttdiby  iron  and  fteel  duriog  it^fohition  in  acidt,  appears  to  depend  irnme* 
Mltly  on  tht  prefeoce  of  phofphorus  in  the  ^lct■l^of  whiob  a  podion  U  diflblvod  by  the  hydrogene  ga».    Kor 
thia  iddoor  is  more  ftrong  in  proportion  to  the  <iiiantity  of  phofphorut.    This  ohferTation  proves  thatthe  propor^ 
toi  of  this  fubftance  to  the  iron  which  contains  it  cannot  be  accurately  determined  by  the  procefs  of  folutkn] 
lAWds  which  emh  hydrogieiie-m*    The  friitortoua^  acai  may  wt^met  this  rurpoie. 


the  Stedsy'ipntcned  intp  Primal  Parts. 

St«l,Np.  JB641  ftwU  piff^  •"-*-*•  -^  <^ojs 

No.   '864t  large  piece  »     "hj  *-  '    a,oi3 

JKo.    977                      p »  ■■  —  0>0I2 

tfo.  1004             ■  '     ^  >'     ^  r-  cv,ois 

As  (t'Wts  aJttertained  by  feveral  etperimenta  ma Jc  lipon  the  cafbfurela  of  iron  extra^ed 
from  the  ^iflevent  kinds  of  fteeli  tiiat  this  fuMaaee  coauihs  at  a  medium  0^526  carboncj 
J^nd  fV474  filiceoixs  iron,  it  foUowst 

JL.  Thai  the  15  thoaCindth  parts  of  No.  81549  fmall  piece,  are  dptopoCed  of 

t2arh#nje  *■■<■  "■'  '"^  '^^  —       0,007*9 

6iticems  iron  .    ■  ■  •— f*«»  i*-       O1Q0711 

a«  That  the  b,oi3th  psntscf  No.  ^64,  kajfe  |^ieee,  toe  4»aapered  of 

Carbone  ■■  ^  '    "  1  ■*•        0,60683 

SiHceofis iron  t'*  ■■  ■  't-*  »  «»       b>oo6itf 

$.  ITi^t  tiie  0^1  jth  :pa«»  of  Jfp.  .9  77  jt^,f(wnM  of 

Carbone  ■*»  1  iki  •'^w^  —       6,00789 

SHiceous  Iroft  .  -:-^       ^a.       6^00711 

4.  ll^jk  l)ie  9,6i2%b  parts  pf  No.  1014,  |t)e  ^qgkfofed  of 

Carbone  -  ■''  ■  "  i^'^'^  i**       o^oodjt 

S83iceons  iron  "■■  -■?>  ^  ni  «..».  —       0/00568 

t  dontit  think  it  necedSu7  in  this  plaice  to  afccrtain  the  pit)poitioil  between  the  Iron  and 
tiie  filex  wbB^h^exifts.in  t^p  car^ret  of  iro^t  bec^i\ie  this  earthy  fubftance  being  to  all  ap« 
^earanqe  jacddentaUy  in  the  fteel,  -tnnft  vary  iaecpr^g  to  >  greit  niUQbdr  fX  difiiMnt  dx^ 
comftances. 

m 

The  follomng,  hoKrever,  are  the  mean  tt^s  obtained  from  feretal  experiments  on  the 
orbvretoflron:  • 

i/Carb<me  '  "  /i"  — ^  —  0)53 

<l«  Iton  '  >'■,"'  ■  I  •«  0,26  "" 

3«Siles  ■  ■     ti*  *■  M    '  ■ .  i«-    '       0,2 i 


i. 


1,00 

*!C^^  ^4he  Quantities  of  Fhofphate  of  Iron  ^tdtfd  by  ttie  four  Kinds,of  Steel. 

By  compaxiog  the[q\iantities  of  phol^hate  c^irqp  obtained  from  the  fouir  kinds  of  fteel 
Te  fubmitted)to  examination,  very^rpfpoiatkable  difierences  ap][)ear  v  ia  foUoirs : 

No.    864,  fmaU  piece  ■^■>"  ■*'  —  0,0210 

No.    864,  large  piece  ■"• '    '*  —  0^0564 

No.   977  ■  —  0,0474 

No.  1024   \      p      ■    ■  ■■■■  •-•  91090O 

Kka  ~  TiMc 


Hi 


CMpmnt^Fwrii  rf  Steel 


'tdhk  0f  tlie  (^aantides  of  Pbofpharus  cbntained  in  eacK  of  the  Samples  of  Steel* 

AnalyGs  having  (hewn  me  that  phofphate  of  iron  is  compofed  of  0,58  of  oxide  of  iron^ 
and  0,42  of  phofphoric  acid)  and  thi$  laft  beitig  formed,  according  to  Lavoifier,  of  0,39 
phofphorus^  and  0,61  oxygene,  it  follows  that  the  fteel 

No.    864,  fmall  piece,  contained  phosphorus 
No.    864,  large  piece  '  ' 

No.    977  ■ 

No.  1024  ■ 


0,00345 
0,00827 
0,007^. 
0,01580^ 


I  cannot  venture,  however,  to  affirm  that  there  really  exifts  fo  great  a  difference  between' 
the  quantities  of  phofjphorus  contsdned  in  each  of  thefe  pieces  of  ft^l  as  is  here  given  hj 
'  experiment.  For  fo  little  is  required'  to  change  the  reftilts  in  this  refpe£l,  particularlf 
when  fmall  quantities  arie  fubjefled  to  trial,  that  two  or  three  thoufandth  parts  may  foont 
be  obtained  either  way.  Neverthelefii,  I  cannot  fuppofe,  that,  with  the  fame  procefles.and 
equal  care>  the  difference  between -the  moximum  and  minimum  of  thefe .  quantities  will 
prove  to  be  the  confequence  of  uncertainty  in  the  methods  of  aaalyfis.^ 

A  Synoptic  Table  of  the  Proportions  of  Principles  contained  i)a  the  four  Kinds  of  Steet 

before  examined! 


Steel,  Nq.  864,  fmall  piece 


I.  Carbone 
Silex 

Phofphorus 
Iron 


No.  864,  large  piece 


I.  Carbone 
Silex 

Phofphorus 
Iron 


No.   977 


X.  Carbone 
2:  Silex 
3^  PhofphonM 
4*  Iron 


Nb.  1024 


1.  Carbone 

2.  Silex 

3*  Phofphorus 
4*  Iron 


0,00789 
0,00315^ 
0,00345 
0,9855 1 

i 

.1,00000 

» 

0,00683 

0,00273 
0,00827 
0^^^98217 

X,P0OOQ. 

0,00789, 
0^00315 
O1OO79I' 
€,98105 

1,00000 

0,00631 
0,00252 
0,01520- 

0,97597 
1,00000, 
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SECTION      VII. 

RefleRkfis  on  the  Caufes  of  the  variable  ^antities  of  Carburet  of  Iron  afforded  by  Steel  dtjjilved  in 

tie  Sulphuric  Acid. 

MANY  circumftances  may  influence  the  carburet  of  iron  by  the  fame  fleel ;  and  it  ig 
not  eafy  to  obtain  equal  mafiea  of  this  fubftance,  in- two  different  experiments^  from  (led 
of  the  fame  nature* 

Bergman  obtained  from  o^ooa  to  0,008  of.  carburet  of  iron  from  difierent^  fteels.  Is  it 
probable  that  there  was  really  fo  great  a  difference  in  the  proportions  of  a  fubilance  to 
which  the  fteels*  pwe  their  qualities,  without  there  having  been  likewife  a  very  fenlible 
diSerence  in  their  ufual  properties  ? 

Among  the  caufes  of  uncertainty  which  may  occaGon  the  refaits  to  vary,  we  may  prin* 
cipally  remark  the  following :  i.  The  greater  or  lefs  concentration  of  the  acid  employed  to 
diffolve  the  iron.  2.  Its  mixture  with  water  at  or  before  the  time  of  the  experiment.  3.  The 
more  or  lefs  confidtrable  divifion  of  the  metal*.  4.  The  length  of  time  during  which  the 
folution  is  effeSbed.  5«  The  time  during  which  the  depofitioa  of  carburet  remains  in  conta£l 
with  the  liquor  after  the  folution  is  effc^ied. 

1.  It  is  evident  that  the  more  concentrated  the  fulphuric  acid,  the  more  rapid  the  folu- 
tion,  and  the  greater  the  quantity  of  caloric  developed  in  ^  given  time. 

Now  experiment  proves-  that  the  folution*  of  carbone  by  hydrogene  is  in  the  dire£l  pro^ 
portion  of  the  caloric  which  penetrates  it,  or  at  lead  that  it  follows  fome  progreflive  ratio 
of  increafe  widi  the  temperature;  It  follows,  therefore,  that  the  more  elevated  the  tem^ 
perature  during  the  folution-  of  fteel  in  acids,  the  lefs  of  carbone  will  remain.  It  alfo 
follows  that  it  isi.  advantageous  not  to  ufe  an  acid  too  concentrated* 

2.  As  the  too  greatconeentratlon  of  die  acid  is  inconvenient  for  the  folution  of  fteel  from 
which  the  carburet  is  to  be  extracbed,  it  Is  alfo  equally  inconvenient  to  dilute  it  too  much* 
It  is  in  fa£t  known,  that  when  acids  are  too  much  diluted  with  water,  they  exert  a  lefs 
affinity  on  other  bodies ;  and  this  is  the  cafe  with  refpe£t  to  very  diluted  fulphuric  acid,  and 
fteel  in  a  high  ftate  of  divifion.  The  folution  then  takes  place  very  flowly.j  part  of  the 
fijseldecompofes  thewatefby  its  own  attradiive  power,  and  paffes  to  the  ftate  of  the 
black  oxide^  which  cannot- be  diflblved  by  diluted  vitriolic  acid.  Hence,  inftead  of  carburet 
of  iron)  the  refidue.  confifts  of  a  mixture  of  this  fubftance  with  the  black  oxide  of  the 
metal. 

3..The  duratioa  of  the  experiment  Is- likewife  of  confiderableinportance*  It  may  arife 
from  two  caufes.  The  firft  is  the  concentration  of  the.  acid.  In  this  cafe,  .the  fuiphatc 
of  iron  which  is  formed  abforbs-for  ita  cryftallization.  the  fmall  quantity  of  water  which 
remains,  with,  which  it.falls  down,  and  entirely  ftops  the  folution.  The  fccond  is  the 
too  confiderable  weaknefs  of  the  acid,  the  particles  of  wluch  being  feparated  too  far  .from 
thofe  of  the  metal  by.  the  water. which  retains  them,  cannot  in  this  cafe  z6t  but  very  flowly^ 

I  am  well  convinced  that. whenever  the  carburet  of  iron  remains  in  conta£l  with  the  me^ 
tallic  folution,  particularly  when  it  contains  difengagcd  acid,  it  is  fubje£l  to  remarkable 
changes..  Its  black  colour  becomes  yellow,, or  yellowifii  grey,  and4t  diminifiies  in  volume 
by  the  a6lual  lois  of  part  of  its  mafs.    f!rom  tliefe  obfervations  it  follows,  that  in  order  to  • 

obtUQi 


tS4  '  i^^ywW^J'  IProerfsfir  di/hfming  JPit/^hms  in  hw. 

obtain  tlie  greatteO;  poffible  quantity  of  carburet  of  iron  from  any  kind  of  ftcel,  the  acid  muft 
be  neither  too  much  nor  too  little  concentrated.  I  have  #bferved  that  the  bed  proportion 
between  the  acid  and  ^e  water  was  one  of  the  former  to  five  of  the  latter,  and  that  coarjQ: 
Ifilings  or  tuniitigs  of  fteel  were  preferable  to  fine  filings  or  pieces  of  confiderabte  fisce. 

MoR:  of  the  inconveniences  here  mentioned  do  not  exift  with  regard  to  the  muriatic  acid, 
«t  leaft  in  (o  evident  a  manner ;  becaufe  it  is  never  fo  concentrated  as  the  fulphuric  «cid| 
liM  a  ftronger  «iBnfty  for  the  oxide  of  ironi  and  forms  witli  this  metal  a  very  folobie  fair. 
But  it  cannot  be  employed  to  determine,  in  one  and  the  fame  operation,  the  prc^MMftions  of 
tarburet  of  iron  and  of  phofphoras  i  becamfe  it  decompofcs  the  phofphale  of  iron,  aiiS  leaders 
it  necefiary  to  ufe  a  eauftic  alkali  to  precipiute  it  by  double  affinity,  which  may  be  attended 
with  fome  inconvenience.  i 

The  method  we  have  propofed  to  determine  the  quantity  of  carbone  contained  in  tleel,  is 
therefore  preferable  to  this  in  every  Ttfpeft. 


SECTION    vni- 


Re/kBions  on  the  Means  propofed  by  Bergman  to  Jlfcovor  the  frtfenct  of  Fhofphorus  in  Iron 

and  Sted. 

BERGMAN,  in  his  Difiertation  on  the  Analyfis  of  Iroti  and  Steel,  does  not  fpeak  of 
the  prefence  of  phofphoms  or  fiderite,  which 'he  fooitd  only  in  cold  (hort  iron. 

It  is  neverthelefs  very  onlikely,  that,  among  the  very  numerous  lamples  of  iron  and  fteel 
which  he  examined,  there  ihould  have  been  none  which  contained  phofphoms,  fince  the 
four  ileeh  which  conftitute  the  fubjeft  of  this  memoir  all  pfclented  quantities  very  con* 
^crable,  though  they  appeared  of  fufficiently  good  quality  for  the  ufes  in  the  arts.  I  fuf- 
|ieA,  therefore,  that  this  chemift's  not  having  found  it  was  owing  to  a  want  of  attention  to 
the  probability  of  its  exiftence,  or  elfe,  that  the  means  he  made  ufe  of  were  not  adapted  to 
tleted  its  prefence. 

The  following  is  the  method  he  propofes  for  this  purpofe^  in  his  Diflertation  on  the  caufe 
of  the  brittlenefs  of  coM  fliort  iron : 

He  takes^  a  bottle  A,  of  the  capacity  of  about  la  cubic  inches,  into  which  he  puts  16 
loths  of  crude  iron,  which  affords  the  cold  (hort  iron.  Upon  the  iron  he  pours  fix  cubic 
inches  of  diftilled  water,  and  half  an  inch  of  concentrated  fulphuric  acid.  As  foon  as  the 
eServefcence  is  ended,  he  filters  the  liquor,  and  receives  it  in  another  oottle  B,  of  the  fame 
contents  as  the  firft.  He  waflies  the  refidue  in  the  bottle  A,  until  the  filtration  fills  the 
bottle  B«  This  being  done,  it  is  obferved  that  the  fluid  in  B,  which  at  firft  waa  dear, 
becomes  turbid  and  white.  The  powder  does  not  fettle  until  after  feveral  hours.  He 
pours  on  the  iron  which  remained  in  the  bottle  A  a  fecond  quantity  of  water  and  acid 
equal  to  the  firft  \  when  the  elfervefcence  is  over,  he  pours  the  liquid  into^a  third  bottle  C 
He  repeats  this  manoeuvre  a  third  and  fourth  (ime,  &c.  and  coUeQs  the  liquors  in  the 
teflels  marked  D,  E,  5cc.  llie  phenomena  were  the  fame  in  each  of  thefe  -operations ;  but 
the  £fth  folution  in  F  remained  clear  for  feveral  weeks,  at  the  end  of  which  it  formed  a 
flight  cloud.  The  fixth  folution  depofited  nothing  in  die  fame  fpace  of  time,  though 
much  iron  remained  undifiblvedtf 

9  I  repeated 


Infujfficiency  ofthi  Mitb§it  ^JipwMug  Th^hrus  Mtt  BHtigmMjkfnm  Iron*        tgS 

T  repeated  6m  procefs  on  the  fteeb  treated  ia  this  memoir)  and  did  not  difcoTer  the  leaft 
trace  of  phofphate  of  iron^  though  they  would  have  afibrded  confidcrable  quantities  by  the 
method  I  have  before  propofed.  This  juftifies  the  a&rtion  that  Bergraaii  did  not  find  this- 
fubftance  in  the  difierent  irons  he  analyfed,  becaufe  his  method-  was  infuiEcient. 
'  I  prove  its  infafficiency  as  follows-: — Iron  ^nd  phofphorus  united  together,  and  brought 
into  c6nu€t  with  acidulated  water^  both  tend  to  unite  with  oxygene  by  virtue  of  a  pre- 
difpofing  attra£lioa  between  the  acid,  which  iftadded^  and  that  which  b  formed^  towards- the 
oxide  of  iron>  wheiice  the  refiik  is  fulphate  and  pholphate  of  irom 

This  laft  is  infoluUe  in  water  y  but  it  has  an  affinity  for  acids,  bf  virtue  of  which  it  com-^ 
bines,  and  becomes  foIoUc  in  water.  This  affinity  of  the  phofphate  of  ivon  for  acids  is- 
fufficient  to  impede  and  even  fufpend  ,lhe  folution  of  new  quantities  of  iron ;  fo  that  it 
is  not  widiout  difficulty,  and  after  a  length  of  time,  that  the  phofphate  of  iioa  caa  be  corn-* 
pletely  feparated  from  die  fulphuric  acid  by  means  of  metaUic  iron* 

It  happens  therefore  in  every  cafe  when  iron  or  fteel  which  contains  phofphorus  is 
diflblved  in  an  acid,  that  the  acid  divides  itfelf  into  two  pares,  one  of  which  unites 
with  the  oxide  of  pure  iron,  and  the  other  with  the  phofphate  of  iron  as  it  is  formed ;  and) 
that  when  the  acid  is  faturated  by  the  oxide  of  iron  and  the  phofphate  of  irbn,  the  folutioiv 
16  almoft  totally  flopped,  though  the  fiquor  reddens  blue  vegetable  colours..  It  may  be 
hence  inf^red,  that  the  fulphuric  acid,  united  with  the  phofphate  of  iron,  no  longer  exerts- 
an  equal  power  on  the  oxide  of  iron ;  and  that  the  metal  does  not  decbmpofe  the  water,  nor 
unite  to  the  oxygene  of  this  fubftance  but  by  its  own  peculiar  force,  which  occafions  a  re* 
tardation  or  even  a  complete  fbfpenfion.  of  die  folotion.  Now,  if  in  fuch  a  folution  the 
phofphate  of  iron  (hould  be  (mall  in  quantity,  no  fign  of  this  metallic  fitlt  wBl  appear,  even 
hy  the  addition  of  a  great  quantity  of  watex :  and  this  is  what  happens  in  the  procefs  of  Berg^ 
man ;  whereas,  by  adding  an  sdkaline  carbonate  to  this  folution  until  it  ceafes  to  eiFerveifce,, 
the  alkali  unites  with  the  fulphuric  acid ;  and  the  phofphate  of  iron,,  whatever  may  be  its 
quantity,  falls  down  in  the  form  of  a  white  powder. 


SECTION     IX. 


RefleJElioHS  on  tht  Infujpciencj  ofAtMstbods  iiliirU  profofed  to  JB/covtr  aniftparatf  Mangofteje 

from  Iron. 

BERGMAN  is  the  firft  who  found  manganefe  in  iron  ^  and  almofb  every  kind  ofiiion 
which  he  examined  afforded  quantities  more  or  lefs  confidcrable.  The  maximum  of  this 
quantity  in  fteel,  according  to  this  chemift,  amounts  to  0,30,  and  the  minimum  tp  0,005,  » 
latitude  extremely  great,  and  which  appears  (barcely  probaUe^as  we  (hall  prqceed  to  (hew. 

In  order  to  deteft  manganefe  in  iron  or  fteel,  the  profeflbr  of  Upfal  propofts  two  methods. 
The  firft,  having  for  ks  objeft  to  afcertain  the  prefence  of  '#iis  metal,  and  being  fpeedy, 
cheap,  and  eaTy  to  be  perlormed,  may  be  called  explorative.  It  confifts  in- throwing  intO' 
five  parts  of  fufed  nitrate  o£pot-afl^  one  part  of  filings  of  iron  or  fteel,  and  to  bring  the 
mafs  into  ftrong  fufion  after  the  detonation  has  taken-  place.  If  the  crucible  when  cold: 
exhibits  towards  its  fuperigr  edge  a  vitreous. circle  of  a  gt^enifli  blue  colour)  it  is,  according, 
lb  hkn,  a.(ure  figifi  of  the  esiftence  o£ suuaga&f fie  in  the  iroo*    The  ipther  method  may  be 

oallcdi 
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called  determihatWet  becaufe  it  is  not  ufed  until  it  had  prevtoufly  been  afcertained  thatthe 
iron  contains  manganefe,  and  that  nothing  remains  bat  to  find  its  quantity.  It  is  pen- 
formed  by  diflblviag  in  the  nitric  acid  a  known  weight  of  iron  or  of  fteeli  containing  man* 
ganefe,  and,  after  having  evaporated  the  folution,  by  (Irongly  calcining  the  ferruginous  re* 
£due,  which  is  treated  with  more  diluted  nitric  acid,  into  which  a  certain  quantity  of  fugar 
has  been  put.  By  this  means  (fays  Bergman)  the  manganefe  wiU  be  difiblved»  and  the 
<oxide  of  iron  will  remain  untouched. 

•  Thefe  procefles,  carefully  repeated,  did  not  afford  me  the  fame  refuUs.  I  muft  even  fay 
that  they  are  falfe,  and  capable  of  leading  to  erroneous  conclufions.  In  hOi^  with  regard 
to  the  firft,  it  is  known  that  nitrate  of  pot-a(h,  decomposed  in  a  crucible  of  pure  eanh  or  fine 
filver,  leaves  the  pot-aih  in  the  form  of  a  xnafs  of  swgreenifh  or  blueifli  colour.  It  is  in  vain 
to  obje£^  that  this  colour  is  owilsg  to  the  manganefe  contained  in  the  pot-afli  of  commerce  i 
for  this  alkali,  when  purified  by  alcohol,  prefents  the  fame  phenomena.  And  even  fuppofing 
it  to  be  a  certain  Egn  of  the  prefence  of  manganefe,  it  would  alfo  prove  a  fource  of  error, 
becaufe  the  nitrate  of  pot-afli,  and  pot-a(h  alone,  exhibit  this  colour  by  fufion. 

Pure  iron  itfelf  might  produce  deception  in  this  refpe£l  \  for,  when  it  has  been  oxided  by 
the  nitrate  of  pot-afli,  it  combines  by  the  afliftance  of  the  alkali  with  the  filiceous  matter  of 
the  crucible,  and  forms  a  glafs  which  has  often  a  greenifli  colour.  Common  crucibles  alfo 
are  not  without  inconvenience ;  for  they  may  contain  the  oxide  of  manganefe,  which  is  well 
known  to  be  often  mixed  with  earthy  matters. 

The  fecond  method  of  Bergman  is  attended  with  dill  more  danger  of  error  than  the 
firft,  by  fixing  the  opinion  of  the  exiftence  of  manganefe,  and  producing  a  decifion  with 
regard  to  its  fuppofed  quan^tity. 

Bergman,  who  was  perfuaded  that  the  nitric  acid  mixed  with  fugar  does  not  diflblve  (the 
oxide  of)  iron,  muft  frequently  have  attributed  appearances,  to  manganefe  which  really  arofe 
from  iron  only ;  for  we  have  proved,  that  the  vegetable  acid  which  is  formed  in  this 
operation  diflblves  a  confiderable  quantity. 


III. 

ExtraH  of  a  Letter  from  Mr.  HvMBOLDTto  Mr.  BluMENBACH^  eontaintng  new  Experiment  t 
0n  the  Irritation  caufed  by  the  Metals  tuith  RefpeSi  to  their  different  ImpreJJions  on  the  Organs 
of  Animals  *• 

•*-▼  AR.  Humboldt  is  one  of  the  philofophers  who  has  made  the  moft  numerous  obferva- 
lions  on  the  phenomenon  difcovered  by  Galvani  concerning  the  irritability  produced  by  the 
conta£t  of  diflFerent  metals  with  the  parts  of  animals  in  which  the  principle  of  life  is  appa- 
rently extinguiflied.  As  long  ago  as  the  yekr  1795  he  obferved  that  the  animal  irritability 
was  augmented  by  the  oxygenated  muriatic  acid.  Not  having  difconttnued  his  attention 
to  this  obje£l,  the  perufal  of  the  phyfiological  writings  of  Reil,  and  his  correfpondence  with 
Scarpa  and  Volta,  afforded  him  indications  for  new  enquiries,  of  which  he  has  occafionally 
had  the  courage  to  make  himfelf  the  fubje^. 

•  This  Letter  forms  part  of  Gren's  (German)  Journal  of  NatiKal  Philofophy  for  the  month  of  Oftobcr  laft. 
The  extract  was  read  to  the  InAitute  of  France,  by  Ckszeir  Guyton.  ' 
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^*  In  a  converfation/'  fays  he,  **  with  M.  Scarpa,  at  Faviai  on  the  cffedls  which  Gakanifni 
produced  upon  myfelf,  nothing  furprifed  him  more  than  the  appearance  of  a  lymphatic  and 
ferous  humour  on  my  back.  *  What  can  be  the  nature,'  faid  he,  *  of  this  (limulant,  which 
in  a  few  inftants  changes  tire  nature  of  the  reflels  to  fuch  a  degree  as  to  caufc  them  to 
prepare  humours,  which,  the  inftant  they  touch  the  epidermis,  excite  inflammation,  and  mark 
their  courfc  by  a  rednefs  which  lafts  for  whole  hours  ?'*'  M.  Humboldf  promifed  to  repeat 
the  experiment ;  and  the  account  he  gives  of  the  fa£ls  conftitutes  one  of  the  moft  intefeft- 
:ing  articles  in  his  letter. 

For  this  purpofe.  he  caufed  two  bliftering  plafters  to  be  applied  on  the  deltoid  mufclc  of 
both  (boulders.  When  the  left  bUfler  was  opened,  a  liquor  flowed  out  which  left  no  other 
a  >pearance  on  the  (kin  than  a  flight  vamiih,  which  difappeared  by  wa(hing.  The  wound 
was  afterwards  left  to  dry  up :  this  precaution  was  neceflary,  in  order  that  the  acrid  humour 
.which  the  Galvanic  irritation  would  produce  might  not  be  attributed  to  the  idiofyncriGs  of 
the  yeScls.  This  painful  operation  was  fcarccly  commenced  on  the  wound,  by  the  applica- 
tion of  cine  and  Giver,  before  the  ferous  humour  was  difcharged  in  abundance :  its  colour 
became  vifibly  dark  in  a  few  feconds,  and  left  on  the  parts  of  the  (kin  where  it  pafied 
traces  of  a  brown  inflamed  red.  This  humour  having  dcfcended  towards  the  pit  of  the 
ftomachy'and  (topped  there,  caufed  a  rednefs  of  more  than  an  inch  in  furface.  The  hu- 
mour, when  traced  along  the  epidermis,  left  (lains,  which  after  having  been  wa{hed  ap- 
peared  of  a  bluei(h  red.  The  inflamed  places  having  been  imprudently  wa(hed  with  cold 
water,  increafed  fo  much  in  colour  and  extent,  that  Mr.  Humboldt,  as  well  as  his  phy(iciaii 
•Dr.  Schalleni,  who  aflifted  at  thefe  experiments,  entertained  fome  apprehenfion .  for  the 
confequences. 

Mr.  Humboldt  has  not  undertaken  to  determine  the  nature  of  the  fluid  which  produces 
fuch  a(loni(hing  effcSts ;  but  be  applies  himfelf  to  circumfcribe  the  phenomena  in  the  real 
circumftances  which  produce  them.  He  judicioufly  varies  the  preparations,  and  carefully 
notes  all  the  refults;  being  perfuaded  that  the  caufe  of  Galvanifm  cannotbe  explored  with 
fuccefs,  but  by  obferving  the  proportions  in  which  the  chain  of  metals  either  irritates  or  has 
no  eflfefV  :  and  to  extend  (lill  more  thisvaft  field  of  obfervation,  he  employs  various  means 
to  raife  or  dimini(h  the  irritable  capacity  of  the  animal  organs. 

What  is  the  fenfation  which  the  Galvanic  irritation  produces  ?  Mr.  Humboldt  has  difcufled 
this  queftion.  '*  No  one  (fays  he)  can  fpcak  more  decidedly  on  this  fubjedl  than  myfelf^ 
having  made  feveral  experiments  on  my  own  perfoh,  the  feat  of  which,  in  fome  inftancea^ 
was  the  focket  of  a  tooth  which  I  had  caufed  to  be  extraAed  y  in  others,  certain  wounds 
which  I  made  in  my  hand ;  and  in  others,  the  excofiations  produced  by  four  bliftering 
plaftcrs."    The  following  is  his  anfwer  : 

The  Galvanic  irritation  is  always  painful,  and  the  more  fo  in  proportion  as  the  irritated 
part  is  more  injured,  and  the  timt  of  irritation  more  prolonged.  The  firft  ftrokes  arc  felt 
l)ut  flightly  \  the  five  or  fix  following  arc  much  more  fe'nfible,  and  even  fcarccly  to  be  cnddred^ 
until  the  irritated  nerve  becomes  infcnfible  from  continued  ftimulus.  The  fenfation  does  not 
at  all  refemble  that  which  is  caufed  by  the  elef^ric  commotion  and  the  cleAric  bath }  it  is  a 
peculiar  kind  of  pain,  which  is  neither  (harp,  pungent,  pcnetratingi  nor  by  intermi(Bonsi 
like  that  which  is  caufed  by  the  eleflric  fluid.  We  may  diftingui(h  a  violent  ftroke,  a  regular 
preflure,  accompanied  by  an  unintermatting  glow",  which  is  incomparably  more  aAivc  \rhcn 
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the  wound  is  covered,  with  a  plate  of  filver,  and  irritated  by  a  rod  of  zinc,  than  when  the 
plate  of  zinc  is  placed  on  the  wound^  and  the  filver  pincers  are  ufed  to  eftabiifh  the  comp 
munication. 

When  the  communication  is.  made  by  the  contad  of  the  epidermis,  it  produces  no  efle£k( 
it  appears  to  infulate  like  glafs,  when  interpofed  between  the  wound  and  the  metal :  but  if 
the  fkin  be  removed,  by  making  two  wounds  at  eight  inches  diftance,  and  a  plate  of  zinc  b^ 
placed  on  one  of  them,  and  on  the  other  a  leg  of  a  frog  prepared,  this  laft  is  feen  to  contni£k 
itfelf  when  it  communicates  with  the  zinc  by  the  (ilver  wire;  which  proves  that  tlie  Galvanic 
fluid  then  pafles  beneath  the  epidermis. 

This  fluid  produced  in  fome  circumftanccs  a  very  fcnfible  acid  tafte.  The  two  wounds  of 
Mr.  Humboldt  having  been  covered,  one  with  diver,  the  other  with  zinc,  an  iron  wire  of  feveral 
feetin  length, attached  to  the  zinc,wa8  conveyed  between  his  upper  lip  and  the  fpongy  fubftanc^ 
of  the  teeth,and  thence  to  the  tongue  of  another  perfon.  When  the  iron  wire  was  made  to  toudi 
the  filver,  a  (trong  contradlion  of  the  fcapular  mufcle  took  place,  and  at  the  fame  inftant  the 
perfon  whofe  tongue  formed  part  of  the  chain  of  communication  perceived  the  fenfation  of 
acidity.  There  are  alfo  cafes  in  which  the  fluid  a£ls  on  the  organs  of  tafle  without  producing 
any  fenfible  eScGt  on  the  organs  of  motion :  fuch  is  that  where  the  epidermis  ferves  as  the 
condu£lor  from  2inc  to  the  frog ;  for  there  is  not  then  any  contra£tionj  but  merely  an  acid 
tafte  on  the  tongue. 

The  author,  having  learned  from  Mr.  Volta  that  he  employed  the  folution  of  pot-a(h  foktn^ 
fartari  per  deliquium)  in  order  to  augment  the  condu6^ing  power,  availed  himfcHF  fttccefsfully 
of  this  means  to  raife  the  capacity  of  the  animal  organs.     He  moiftcned  one  of  his  wounds^ 
with  this  liquor,  which  produced  little  pain  \  but  the  Galvanic  irritation  was  more  vident> 
and  accompanied  with  more  heat ;  fparks  appeared  and  difappeared  before  his  eyes  \  the. 
tongue  moiftened  with  the  fame  diilinflly  perceived  the  acid  fenfation,  akhougb  the  coobi^ 
munication  was  eftablifhed  only  between  zinc  and  zinc*  .The  thigh  of  the  frog,  moiftened 
with  the  alkaline  folution  and  laid  upon  a  plate  of  glafs,  without  touching  either  metal  or 
carbonic  matter,  fell  of  itfelf  into  violent  convulfions,  the  antagonift  mufcles  of  the  legs  and  - 
toes  being  inceflantly  agitated.     Irritability  has  been  re-e(labli(hed  by  this  application  in  th^ 
animal  parts,  where  it  had  been  extinguiihed  by  warm  foiutions  of  the  oxide  of  arfenio* 
LafUy,  the  irritation  (which  does  not  commonly  take  place  when  the  nerve  and  the  mufcle 
are  armed  with  the  fame  metal,  the  different  metals  being  between  the  coatings)  becomes 
jnanifeft  after  this  preparation  ;  whicli  feems  co  indicate  that  the  alkali  not  only  irritates  the  . 
nerve,  but  likewife  adds  to  its  irritability. 

The  author  applied  this  method  to  amphibious  animals,  which  he  roufed  from  their  wintei^s 
flcep,  and  in  which  he  perceived  a  peculiar  fymptom  of  irritability. 

THitit  obfervations  led  him  to  difl;ingui(h  two  dates  of  the  animal  organ.  The  firft,  of 
irritability  naturally  or  artificially  raifed  or  excited  \  the  fecond,  irritability  in  a  lefs  degree* 
Thefe  two  dates,  which  he  QMspofitive  and  nfgative^  are  merely,  as  he  rema^ks^  diflerent 
degrees,  and  not  phenomena  abfolutely  didin£l:  from  each  other. 

In  individuals  naturally  fenfible,  the  efFedis  produced  by  alkaline  foiutions^  by  the  oxy* 
genated  muriatic  acid,  by  the  folution  of  oxide  of  arfenic,  are  very  rarely  of  the  fame  in^ 

tenfity. 
In  the  cafe  of  increaied  irritability^  mufcular  motions  ^e  obferved  without  metal  or 
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tarbonic  matter.  They  may  be  obtained  with  metals,  though  without  communication  be« 
tween  the  nerve  and  the  mufcle;  that  is  to  fay,  without  tho  regular  connexion  or  chain.  They 
may  be  alfo  obtained  by  forming  the  chain  of  fimilar  metals. 

Let  the  crural  nerve  of  an  animal  naturally  tenacious  of  life  be  placed  upon  glafs*  Let  a 
fmall  piece  of  frefli  mufcular  fledr  be  fixed  on  a  (lick  of  fealing-wax,  and  then  brought  into 
conta£l  with  the  crural  mufcle.  The  rcfult  will  be  a  violent  convulfion  at  the  inftant  when 
the  chain  of  communication  is  completed.  The  fame  thing  happens  if,  inftead  of  the  fmall 
piece  of  mufcular  fleih,  a  detached  piece  of  the  crural  nerve  be  fixed  on  the  ftick  of  fealing* 
wax.  The  conne£lion  is  therefore  formed  of  two  things,  nerve  and  mufcular  fibre.  How 
in  this  fimple  cafe  can  the  fluid  which  pafTes  from  the  nerve  into  the  mufcle  caufe  it  to  be 
contracted  ?  Mr.  Humboldt  tliiuks  that  it  becomes  (limulant,  merely  becaufe  it  returns  from 
the  nerve  into  the  nerve  by  a  foreign  animal  matter  \  that  is  to  fay,  not  organically  connected 
^ith  the  nerve. 

The  difparity  of  the  metals  forming  the  chain  has  hitherto  appeared  as  a  neceflary  coo- 
ditioii  to  produce  Galvanic  irritation.  This  hypothefis,  however,  is  overturned  by  the  ex- 
periments of  Mr.  Humboldt.  If  it  be  true  that,  in  the  {late  of  lefs  irritability,  there  is  very 
rarely  contra£lion  with  fimilar  metals  (as  Volta  affirms,  contrary  to  Aldlni),  this  circumflance 
becomes  indifferent  in  the  cafe  of  increafed  irritability.  Mr.  Humboldt  put  into  a  china  cup 
fonfc  mercury  exa£lly  purified  \  he  placed  the  whole  near  a  warm  ftove,  in  order  that  the 
entire  mafs  might  affume  an  equal  temperature  :  the  furface  was  clear,  without  the  appear- 
ance of  oxidation,  humidity,  or  dufl.  A  thigh  of  a  frog,  prepared  in  fuch  a  manner  that  a 
crural  nerve  and  a  bundle  of  mufcular  fibres  of  the  fame  length  hung  down  feparately,  was 
fufpended  by  two  filken  threads  above  the  mercury.  When  the  nerve  alone  touched  the 
furface  of  the  metal,  no  irritation  was  manifefted }  but  as  foon  as  the  mufcular  bundle  and 
the  nerve  touched  the  mercury  together,  they  fell  into  convulfions  fo  briik  that  this  Ikia  was 
extended  as  in  an  attack  of  tetanus. 

We  ought  not  to  be  fuq>rifed  at  the  precaution  here  taken  by  Mr.  Humboldt  to  heat  the 
mercury.  This  is  required  in  confequence  of  the  opinion  which  he  announces,  that  the 
parity  of  the  metals  does  not  depend  on  the  homogeneity  of  their  chemical  conftituent  partSf 
but  of  their  heat,  polifh,  hardnefs,  and  form. 

Gold,  placed  between  two  armatures  of  zinc,  produces  irritation  only  when  the  gold  is 
moiftened  by  fome  volatile  fluid,  or  by  the  moifture  of  refpifation. 

Laftly,  Mr.  Humboldt  has  attempted  to  include  all  die  cafes  in  the  following  formidc : 

I.  In  the  State  of  increafed -Irritability, 

Frog — mufcular  flefli. 
Frog—- ainc^— ainc. 

Frog-rzinc— mufcular  flefli— filver.  ' 
Frog — zinc— filver — zinc.  ' 
Frog — mufcular  flefh— filver— zinc. 
^Frog-— zinc-— mufcular  flefli— ^filvcpv^mufcular  flefli«-*zinc» 

a.  In  the  Stat^  of  diminifhed  Irritability. 

{Frog — zinc— filver. 
Frog— zinc-— cnufcttlar  flefli— filver— zinc 
Frog— zinc— mufcular  flefli— filver— mufcular  flefli— ^ver-— zinc* 
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f  Frog— zinc — zwc.  • 

NBgative  cafes.  1  Frog — zinc — ^mufcular  flclh— fihrcr. 

L  Frog — sine— *iDufcalar  flc(b«— filver— i&ic. 

Utr.  Htimboldt  finifres  this  letter  by  fome  obfervations  which  he  has  coIIe£led  in  the 
c^nrfe  of  hia  experiments  on  t!titJlh$nicox  afthinic  virtue  of  chemical  agents;  that  is  to  Ivj^ 
tlieir  energy  or  their  inefficacy  to  produce  iiritation.  Alkalis  appear  to  be  to  the  fenfibie 
fibres  what  acids  are  to  mufcuhr  groups.  The  muriatic  acid  augments  ^e  iritability  of  the 
mufcle  while  it  extinguiihes  that  of  the  nerves,,  which  does  not  re-appear  even  after  the  acid^ 
has  been  Saturated  with  alkali. 

By  continuing  to  bathe  the  nerve  with  an  alkaline  (bhitibn^,  an  entire  atony  is  at  Tength  pro^ 
dUced  by  excefs  of  irritation ;  but  if  a.  few  drops  of  muriatic  acid  be  let  fall  on  the  pait^'the-' 
irritability  ia  re-eftabli(hed. 

A  thigh  of  a  frog,  irritated*  even  to  total  relaxation  by  a  warm  (blution  of  oxide  of  arfenicj', 
has  exhibited  new  convulfions,  after  having  been  immerfed  for  two  minutes  in  a  {blution  of 
pot-a(h. 

The  fthcnic  virtue  of  the  oxygenated  muriatic  acid  Ts  not  left  remarkabfe.  Thighs  o£ 
Arogs  naturally  flaccidi  and  weakened  ftill  more  by  the  Galvanic  procefs  for  (even  hours^. 
which  afforded  no  (ign  of  motion  when  filver  ferved  as  a  condudor  between  zinc  and  the 
nerve>  exhibited  violent  contractions  when  the  nerve  was  moiflened  witii  oxygenated  mu^ 
viatic  acid'.  The  author  refers  to  this  fubje£b  the  experiment  which  He  pul>K(hed  in  1793^ 
in  his  Flora  FribergenJtSf  by  which  it  is  afcertained  that  ordinary  murratic  acid  retards  the- 
germination  of  plants^ but  that  oxygisnated  muriatic  acid  had  caufed  a  plant  togermi'nate  ini 
fcven  hoursj  which  required  thirty^cight  in  pure  water  in  order  to  arrive  at  the  fame  dc* 
velopment.  This  fa£l  appears  to  him  to  indicate  Come  relation  between  the  vegetable  and* 
animal  organization. 

A  judgment  may  be  formed  from  thiis  extra£lof  the  number  of  important  fa£ls  contained 
Jn  thisletter,  and  of  the  intereft  they  will*  excite^  when  they  (hall  be  colleCledj  arranged^ 
and  amplified,  in  the  large  work  which  the  author  is  preparing* 
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XJfi^  N§ticef  refpiSittg  varibur  Obji^s  *.—  Methods  of  clojing  wlde^ffwuthed  Veffeh^^Preferva* 
tion  of  Gunpowder^-'Grartulation  cf  Shot — Precipitation  of  Magnefia* 

r.  Methods  ofclofmg  nvide-mouthed  Vejfels. 

X  HE  means  of  doling  the  apertures  of  large  jars  and  other  (imilar  veflTels,  fo  as  to  render 
them  air-tight,  has  long  prefented,  to  perfons  who  are  engaged  in  philofophical  purfuits,  an 
objeft  of  fome  intereft.  Thofe  in  particular^  who  are  in  the  habit  of  preferving  ai^imal 
fubftances  in  ipivit  for  anatomical  or  {Ayiiological  cabinets^  find  that,  uotwithftanding  all  the 
care  which  can  be  taken,  the  evaporation  of  the  liquor  in  which  they  are  immerfed  is  a  fulv 
je£l  which  requires  conftant  attention.     Perhaps  nothing  with  which  we  are  acquainted  is 

•  f 

♦  The  whole  of  the  prefent  article  wai  received  from  ray  anonymous  correfjpondenty  J*  F— :—;—:— r,  whofe 
former  communications  hate,  no  doubt,  engaged  the  attentioQ  of  the  reader.  ^ 
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mort  conrement  and  proper  for  ftopping  fmall  circular  apertures,  whofe  interior  furfaces 
are  fmooth  enough  to  admit  of  their  ufe,  than  common  phial-corks :  for  a  certain  time  at 
kaft,  where  the  contents  of  the  veflcl  are  not  corrofive,  they  fit  more  clofely  than  raoft  of 
the  glafs  floppies  which  arc  ufed  for  this  purpofe.  Where  however  the  area  of  the  aperture 
is  confiderable,  the  porofity  of  cork  and  bladders,  the  necefiity  of  uGng  vefTels  whofe  mouths 
are  elliptical,  and  the  unavoidable  irregularities  in  the  form  of  the  ground  glafs  covers,  whicly 
are  befides  of  confiderable  expence,  are  circumftances  which  render  the  folution  of  this  pro- 
blem lefs  eafy  than  might  be  wiihed.  The  clofenefs  of  texture  which  charaderiies  me* 
tallic  fubftances  feems  to  aSbrd  the  beft  means  of  removing  thefe  difficulties ;  and  a  quantity 
of  an  amalgam  of  tin  is  accordingly  in  fome  mufeums  fpread  ovei^the  edges  of  the  covers,  by 
which  means  the  mifchief  is  in  a  good  meafure  prevented  :  but  perhaps  no  method  of  effefl- 
ing  this  end  is  fo  applicable  to  general  purpofes,  as  that  which  confids  in  the  ufe  of  tin  foil^ 
which  is  alfo  in  frequent  practice.  It  may  be  applied  in  two  ways:  a  piece  of  bladder,,  foaked 
in  warm  water,  having  been  ftretched  tightly  over  the  mouth  of  the  jar,  and  tied,  a  piece  of 
the  thickeft  tinfoil,  previoufly  examined  by  interpofing  it  between  the  eye  and  the  fun,  in 
order  to  dete£l  the  fmall  fiflures  which  are  frequently  found  in  it,  is  to  be  laid  fmoothly  over 
it  with  the  palm  of  the  hand,  without  (Iretching,  and,  that  being  alfo  tied^  a  fecond  piece  of 
bladder  again  ftretched  over  it :  or,  where  the  veflfel  may  require  to  be  fome  times  opened, 
the  foil  may  be  laid  fmoothly  over  the  furface  of  a  bung,  and,  a  piece  of  bladder  being  ftretched 
over  it,  the  whole  applied  in  the  ufual  way« 

The  following  feems  to  be  another  eflFeSuai  method  of  cloffng  ajar : — Let  a  b  (Plate  XII. 
Fig.  1 .)  be  a  fe£lion  of  its  mouth  \  c  J,  that  of  a  circular  rim  of  tin.  A,  an  inch  high,  whofe 
internal  diameter  is  half  an  inch  larger  than  the  exterior  diameter  of  the  mputh  iSi  the  veflel  \ 
tfi  that  of  a  common  tin  cover,  B,  whofe  diameter  is  a  quarter  of  an  inch  lefs  than  that 
of  the  tin  rim,  A.  The  rim  being  cemented  round  the  neck  of  the  jar  with  fealing-vRax,*or 
the  common  eleclrical  cement^  and  the  interval  between  it  and  the  neck  filled  to  the  depth 
of  two-tenths  or  a  quarter  of  aa  inch,  with  olive-oil*,  it  is  clear,  that  if  the  jar  be  placed 
horizontally,  and  the-cover  B  put  on,^^it  becomes  hermetically  fealed,  except  in  the  event  of 
an  elaftic  fluid  making  its  way  through  the  oil.  The  only  care  neceflary  will  be,  not  to  put 
fo  much  oil  into  tlie  tin  rim  as  to  occafion  it  either  to  flow  over  or  into  the  jar,  on  a  change 
taking  place  in  the  preflure  of  the  atmofphere.  The  mouth  of  the  veflcl  fliould  alfo  be 
flopped,  to  prevent  any  of  the  oil  from  being  thrown  into  it  on  removing  the  cover. 

In  the  laboratory,  a  thoufand  ufes  of  thefe  modes  of  preferving  diflecent  fubftances  mufti 
occur;  and  it  feems  not  improbable  that,  if  they  were  extended  to  the  purpofes  of  ordinary 
life,  and  glafs  veflels  fubftituted  for  the  porous  earthen- ware  at  prefent  in  ufe,. fcyeral  ar- 
ticles of  culinary  preparation,  fuch  as  pickles,  preferved  fruits,  potted  meats,  and  the  like^ 
would  receive  lefs  injury  from  the  eSedls  of  time  than  they  are  now  found  to  do.. 

*  Lavoificr  ulcd  mercury  for  a  foroewhat  fiinjlar  purpofe,  but  its  dfcpth  was  confiderabry  greater.  It  feems, 
from  fome  experiments  of  Prieftley*s,  in  which  he  found  his  gafes  contaminated  with:  atmospheric  air,  though 
the  tubes  had  l)een  imroerfed  to  the  depth  of  an  inch  or  more  in  this  fluid,  that,  ia  a  thin^ftraturo,  oil  would  be 
more  efle^tuai.     F.  •  -  r 

If  this  cooftru^Hon,  as  f  undtrftand  it,  be  ftich  tt  to  admit  the  oil  into  oonta£^  with  the  reiinou»  cement,  thil 
laft'Xvtll  foon  become  fofc  by  the  procefs  of  folution.  To  prevent  this  effedl:,  I  fuppofe  itwoaki  be  conveoieat 
to  foAcathe  rim  by  amixtureof  pltftcr  of  Paritand  wbite.ofegg.    N. 

2.  Prefervation 
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2.  Prefervation  of  Gunpowder* 

GUNPOWDER,  by  reafon  of  the  nitre  which  enters  into  its  compofitton)  having  been 
partially  deprived  of  its  water  of  crydallization,  and  the  known  attr adion  of  charcoal  for 
humidity, is  always  fomewhat  difpofed  to  ddiquefce;  and  ahhough  it  does  not  actually  liquefy, 
or  become  unfit  for  fome  of  the  purpofes  to  whichit  is  applicable,  yet,  for  thofe  of  the  fporti^ 
'  man,  to  whom  the  quicknefs  of  its  communication  is  of  the  highell  confequence,  it  is  generally 
ill  a  (late  very  inferior  to  that  in  which  it  would  be  found,  if  a  greater  degree  of  care  wais 
taken  in  its  prefervation.  It  is  only  when  it  has  received  but  a  very  flight  injury  from  dampi 
that  the  mifchief  is  cap;&ble  of  a  remedy :  when  once  it  has  become  at  all  concreted,  drjiog 
it  will  no  longer  redore  its  power:  the  nitre  will  be  found,  on  exaipination  with  a  niag« 
nifier,  to  have  cryftallized,  and  the  ftrength  and  quicknefs  of  the  powder  are  conGderably 
and  permanently  impaired ;  probably  even  before  this  fymptom  has  appeared.  It  is  evident 
that  no  veflel  is  fufEcieqtly  clofe  to  prevent  this  circumftance  from  taking  place,  but  fuch  as 
is  perfeftly  air-tight.  There  cannot  perhaps  be  a  much  ftronger  proof  of  the  infufficiency 
of  the  packages  in  general  ufe  for  this  purpofe,  than  the  opinion  of  a  confiderable  dealer  in 
this  article,  to  whom  the  matter  was  lately  mentioned.  He  faid  he  was  convinced  that  powder 
would  be  found  to  */  give"  in  fome  dates  of  the  weather,  though  the  veffel  which  contained 
it  was  ever  fo  clofe :  a  notion  which  may  perhaps  have  contributed  to  prevent  the  adoption 
of  more  efTe&ual  means.  He  added,  that  it  is  found  to  do  fo  in  the  tin  caniflers,  as  much 
as  when  packed  in  brown  paper.  The  remedy  is  however  extremely  eafy.  Nothing  more  it 
neceflary,  than  to  cut  off  the  communication  with  the  atmofphere  :  any  veflel  in  -which  fait 
of  tartar  c^p  be  preferved  dry^  will  of  courfe  keep  gunpowder  in  the  fame  date  of  per« 
feftion  as  when  firft  enclofed.  For  a  quantity  not  exceeding  a  few  pounds,  which  is  not 
intended  to  be  frequently  removed  from  place  to  place,  common  ten  or  twelve-ounce  phials 
anfwer  extremely  well;  and  if  half  a^dozen  of  them  be  put  into  a  cafe,  there  cannot  perhaps 
be  a  more  convenient  magazine.  They  fiiould  be  filled  as  full  as  poflible,  and  the  powder 
well  corked  up  at  the  mills,  the  corks  being  tied  over  with  bladder  and  tinfoil.  As,  how* 
ever,  there  might  be  fome  danger  of  explofion  from  the  accidental  fra£lure  of  one  of  thefcfy 
if  this  method  were  to  be  adopted  for  large  quantities,  it  would  in  that  cafe  be  neceflary.  to 
ufe  fome  other  material  than  glafs  \  and  if,  inftead  of  the '  Aider  now  inferted  into  the  tin 
caniders,  a  turned  brafs  oY  pewter  neck,.like  that  of  a  common  phial,  and  capable  of  being 
Ukewife  dopped  with  a  fmall  cork,  were  foldered  into  the  top,  they  would  alfo  anfwer  as  well. 
A  proje^ion  would  perhaps  render  them  inconvenient  for  package ;  and  it  would  therefore 
be  proper  that  the  neck  diould  be  funk  into  the  top ;  and,  in  order  to  get  out  the  contents^ 
that  it  (hould  be  let  into  a  femi-cylindrical  hollow  in  the  fide  of  the  canider.  When  corked 
up,  the  top  of  the  cork  might  be  cut  ofl^,  and  the  whole  aperture  covered  with  a  plader  of 
thick  drying  paint,  or  wax  and  turpentine^  fpread  on  a  piece  of  tinfoil.  None  of  the  flaflcS^ 
the  bed  of  which  are  thofe  of  copper  or  tin,  are  fit  for  preferving  the  powder  longer  than 
whild  they  are  in  ufe,  during  which  the  charger  (hould  be  kept  corked  \  a  precaution  the 
tfk&s  of  which  will  be  found  confiderable. 

There  are  fome,  perhaps,  who  may  not  conceive  thefe  remarks  to  be  very  materially  con^ 

dociveto  the  general  intereds  of  philofophy ;  but  he  to  whom  it  has  frequently  happened 

to  mifs  an  excellent  crofs  fliot,  from  his  powder  hanging  dxt^^uitqui  ipfi  miferrima  vidi^^ 

will  fcarcely  confider  this  as  the  lead  important  article  in  the  September  Journal. 

3.  Gra^ 
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« 

3[.  Granulation  of  ShoU 

THE  manufaflure  of  common  fowling  (hot  conGfts  merely  in  cauGng  the  fufed  metal  to 
fall  in  equal  fpherical  drops  into  water.  The  lead  is  melted  with  the  addition  of  a  fmall 
proportion  of  arfenic,  which,  being  reduced  .to  a  metallic  ftate,  by  means  of  greafe  ftirred 
in  during  the  fufion^  renders  it  lefs  fluid*  An  oblong  fliallow  veflel  of  iron,  perhaps  lo 
inches  wide,  14  long,  and  3|  deep,  called  a  card^  whofe  bottom  is  pierced  with  holes  pro- 
portionate to  the  intended  fize  of  the  {bot»  is  placed  at  the  height  of  from  one  to  three 
inches,  over  the  furface  of  a  tub  of  water,  covered  with  a  thin  film  of  oil.  The  card  is 
previoufly  heated  to  the  temperature  of  the  metal  by  immersing  it  in  the  cauldron ;  and  a 
ilratum  of  foft  drofs  or  fcoriae,  which  are  found  on  the  furface  of  the  fufed  alloy,  is  then 
placed  on  its  perforated  bottom,  and,  being  flightly  prefTed  down  with  the  ladle,  forms  a  kind 
of  filter,  which  partly  chokes  up  the  apertures,  and  prevents  the  metal  from  flowing  through 
them  in  continuous  (treams.  The  fufed  metal  is  then  poured  by  ladlefulls  into  this  vefTel, 
and  appears  notwithftanding  to  run  through  it  with  confiderable  velocity  \  fo  that  it  feems 
difficult  to  believe  that  it  falls  in  fcparate  drops,  till  convinced  by  taking  up  a  quantity  of  (hot 
from  the  bottom  of  the  water. 

The  (hot  thus  made  is  not  without  con^derable  imperfeflions.    The  exterior  coat  of  the 
lower  part  of  the  drop  becoming  fuddenly  fixed  by  the  conta£L  of  the  water,  its  fuperior 
portion,  which  is  (lill  liquid,  as  it  alfo  cools  and  contracts,  ueceflarily  pits,  like  the  furface 
of  metal  in  the  channel  of  a  mould,  fo  that  the  greater  part  of  the  (hot  are  fomewhat  hollow 
.and  of  an  irregular  form  (  confequently  too  light  for  the  purpofe  to  which  they  are  deftined^ 
and  liable  to  unequal  refiftance  in  their  pafllage  through  the  air.     Thefe  defefts  are  remedied 
in  the  patent  fliot,  the  manufai^ure  of  which  differs  only  from  that  of  the  preceding  kind  in, 
|he  addition  of  a  larger  portion  of  arfenic,  which  varies  according  to  the  quality  of  the  lead; 
in  dropping  i^frcmfacb  41  height  that  it  becomes  Jdid  before  it  enters  the  water ^  wfaieh  is  from 
40  to  100  feet;'  and  in  feme  fubfequent  operations,  which  are  as  follows:  It  is  firft  dried 
and  fifted.     It  is  then  boarded^  which  confiRs  in  fcattering  it  on  feveral  polifhed  flabs  or 
trays  of  hard  wood,  with  rims,  in  the  form  of  a  11,  except  that  the  fides  converge  towards 
the  lower  part,  to  which  a  flight  inclination  and  alternate  motion  in  their  own  planes  are 
given  by  boys  employed  in  the  inanuf^6lure.     The  (hot  whofe  form  is  imperfe£l  are  de- 
te£led  by  the  fluggi(hnefs  of  their  motion,  and  remain  behind,  whilft  the  others  roll  ofl^frQm 
the  board.   The  lafl:  operation  is  the  polifliing }  which  is  performed  by  agitating  it,  with  the 
addition  of  a  very  fmall  quantity  of  black  lead,  not  exceeding  .two  fpoonfuls  to  a  ton,  in  an 
iron  veflel,  turning  on  an  horizontal  axis,  like  a  barrel-churn.     It  does  not  appear  that  any 
higher  degree  of  perfe£|ion  than  that  which  is  thus  attained  reniains  to  be  defired.     The 
argentine  brilliancy  of  the  (hot  when  i^wly  made,  the  beautiful  accuracy  oi  its  form,  an4 
the  curious  inftance  of  inanimate  t^^iics  which  it  prefents  when  fcattered  on  aplatCj  render 
it  even  an  agreeable  obje^  of  contemplation* 

\t»  Precipitation  if  Magnejuu 

THE  moft  (triking  characters  of  common  magnefia,  and  thofe  which  aremoft  reKed  on  by 
a  purchafer  who  has  not  the.means  of  analyfis  at  hand,  as  indicative  of  its  purity,  are  its 
levity  and  impalpability :  it  is  therefore  a  matter  of  fome  importance  to  thofe  who  defd  in' 

this 
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this  article,  that  it  be  made  to  polTefs  thcfe  qualities  in  as  high  a  degree  as  is  poflible.  It  had 
long  (in<:c  occurred  to  the  writer  of  this,  that  the  cffefts  >Vhich  are  attributed,  by  all  who  treat 
on  the  fiibje£bi  to  a  very  fmall  quantity  of  other  earths  in  the  alkali  which  is  ufed  in  the  pre<* 
cipitation,  were  fomewhat  difproportionate  to  the  afligned  caufe,  vid  that  a  part  of  them 
were  probably  rather  owing  to  a  deficiency  of  carbonic  acid  *.  An  accidental  piece  of  in« 
formation  which  he  received  lately  from  a  pradical  man,  that  magnefia  was  always  to  be 
6btainc;d  "  beautifully  light"  by  the  addition  of  a  fmall  proportion  of  fal  fodsc  to  the  vege- 
table alkali  employed,  and  a  very  loofe  experiment  which  he  has  fince  made  with  a  view  to 
this  obje£l|  appear  to  corroboraj^e  fuch  an  idea.  The  magnefia  contained  in  four  ounces  of 
Epfom^falt  was  precipitated  with  a  filtered  folution  of  common  pearl-a{h|  wafhed,  dried^ 
and  a  portion  of  it  then  re-diflblved  by  vitriolic  acid,  and  again  precipitated  with  the  fame 
alkali,  with  the  addition  of  one- fourth  of  carbonate  of  foda.  The  powder  was  certainly 
more  light  and  impalpable  after  the  fecond  precipitation.  An  addition  of  carbonic  acid  to 
the  alkaline  folution  employed,  will  probably  operate  in  two  ways:  it  will  not  only  render 
the  magnefia  lighter,  but  in  fome  degree  actually  purer,  by  precipitating  the  aluminous  and 
filiceous  earths  before  held  in  folution  by  the  pot-afh  in  a  more  cauftic  ftate.  In  this  refpefV, 
and  in  this  only,  perhaps,  if  a  fufEciently  fmall  quantity  of  water  be  ufed,  the  aqua  kali  of  the 
prefent  Pharmacopoeia  is  inferior  to  the  oil  of  tartar  per  deliquium  of  the  old  ones.  There  is 
poflibly  a  limit  to  the  proportion  of  this  ingredient,  which  can  be  admitted  into  the  procefs 
with  a  due  regard  to  economy ;  perfeQly  neutralifed  carbonate  of  magnefia  being  by  no 
means  infoluble.  If  an  alkali,  in  an  highly  efifervefcent  flate,  be  added  to  a  weak  folution  of 
any  magnefian  fait,  it  is  well  known  that  no  precipitation  whatever  will  take  place.  What 
remained  ih  the  fupematant  liquor  might,  however,  if  thought  of  fufEcient  value,  be  after* 
wards  precipitated  with  a  cauftic  alkali,  and  referved  for  calcination  ;  or  indeed  would  of 
itfttlf  fubfide  during  the  fubfequent  evaporation  for  obtaining  the  vitriolated  tartar.  The 
beft  procefs  in  all  refpeAs  may  be  eafily  afcertained  by  experiment,  and  the  matter  appears 
to  deferve  it.  w 
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V. 

On  thi  Elafiic  Fluid  contained  in  tht  Air-Vejfels  of  Fijb. 


R.  Francis  Rigby  Brodbelt,  of  Jamaica,  ih  a  letter  to  Dr.  Duncan  f,  gives  the  fol- 
lowing account  of  fome  obfervations  and  experiments  which  he  has  made  on  the  gas  con- 
tained in  the  air-bladder  of  the  fword-fi(h  : 

<<  I  will  relate  to  you  a  few  experiments  which  I  made  during  my  pafiage  to  this  ifland. 
I  had  often  wifhed  to  determine  what  is  the  nature  of  the  gas  which  is  contained  in  the  w^ 

*  I  find,  on  examination  of  the  common  magnefia  with  a  deep  magnifier,  that  its  levity  proceeds  froin  an 
actual  radiated  cryftalHzation,  like  that  of  fnow  :  its  form  may  be  advantageoufly  feen  when  juft  feparattng  into 
flocks  in  a  gUfs  tube.  Hence  perhaps  it  would  be  iniproved  by  the  addition  of  the  alkali  in  very  fmall  por- 
tv>ns,  at  ii.tervals.  Mere  waihing,  by  dcflroying  the  ramifications  of  the  cryftals,  confiderably  augmcnta  the 
fpecific  gravity  of  magnefia :  an  efic6t  which  would  perhaps  be  beft  prevented  by  performing  this  operatioa 
carefully  with  diftilled  water,  prcviouily  boiled  on  a  ponion  of  it  more  than  fufEcient  for  its  faturation..    F, 

\  Annals  of  Medicine,  by  Drs.  Duncan,  for  17961  p.  393. 

bladder 


ft 

J>l|id(ler  of  fiili  I  and  I  was  perhaps  prevented  from  finding  it  out,  by  heating  Dr.  Monro  In 
his  leAures  fay,  it  was  natural  to  Ji&ppofe  it  fixed  air.  However,  although  this  authority 
prevented  me  from  putting  it  to  tlie  tcft  of  experiment  for  fome  time,  yet  one  day,  on  our 
voyage,  having  caught  a  very  large  fword-fifli,  I  coUefted  the  contents  of  all  the  air-bladders  j 
for  in  that  fifli  the  bladder  appeared  divided  into  innumerable  cells,  which  had  no  commu« 
nication  with  each  other.  They  afforded  fo  much  air  that  I  colle£ied  a  quart  bottle  full. 
My  furprife  was  great  to  find  that  the  gas  contained  was  oxygene.  A  flame  was  brightened, 
fiu  ignited  (lick  was  made  to  reJ^indle,  and  it  was  fo  ftrong  and  pure,  that  the  common  ex- 
periment of  a  piece  of  fteel  wire,  heated  and  put  into  it,  fucceeded  well,  and  threw  out  a 
mod  vivid  light  when  melting.  I  have  committed  to  writing  my  thoughts  on  this  fubje6): 
at  greater  length,  and  I  wifli  to  infer  that  thid  pure  air  is  to  ferve  the  purpofes  of  life  when 
:the  animal  is  far  below  the  furface  of  the  water." 

The  preceding  difcovery  of  oxygene  is,  I  believe,  perfeSly  new.  Dr.  Prieflley,  in  his 
Experiments  in  Natural  Philofophy  abridged  and  methodized,  vol.  ii.  page  462,  mentions 
the  commencement  of  a  courfe  of  experiments  on  the  ftate  of  the  air  which  is  contained  in 
.the  bladders  of  fiihes.  He  remarks,  that  when  thefe  are  taken  out  of  the  fifh,  the  air  cannot 
t>e  got  from  them  by  preflure  through  any  exifting  aperture,  but  that  he  was  always  obliged 
to  cut  or  burft  them.  The  firft  time  that  it  occurred  to  him  to  examine  the  air  contained 
in  thefe  bladders,  he  found  it  in  a  great  number  of.  them  to  be  not  at  all  aSefied  by  nitrous 
ain  But  at  another  time  he  found  air  .from  the  fame  kind  of  fi(h,  namely,  roaches,  to  be 
(lightly  afFeded  by  that  re^agent.  It  appears,  therefore,  from  thefe  trials,  that  he  feldom 
met  with  oxygene,  and  then  in  fraall  quantity ;  but  what  the  other  portion  of  air  might 
confid  of  was  not  afcertained  by  his  experiments. 

Fourcroy  afterwards  made  experiments  on  the  air  contained  in  the  air-vefl!cl  of  the  carp, 
which,  at  certain  feafons,  he  affirms,  may  be  had  very  cheap  and  in  abundance  at  Paris.  It 
was  perfe£lly  pure  azotic  gas,  for  the  mod  part,  though  fometimes  it  contained  a  fmall 
quantity  of  carbonic  acid  gas.  He  thinks,  from  the  nature  of  this  fluid,  that  the  air  in  the 
bladders  of  fiflies  is  produced  in  the  domach.  (Ann.  de  Chim.  I.  47.)  The  obfervations  of 
Dr.  Brodbelt  feem  to  reilder  this  general  conclufion  at  lead  doubtful, 

VI. 

Account  of  certain  remarkable  Changes  of  Colour  andDireSion  of  the  Clouds  during  a  Thunder'^ 

A  Storm. 

MONG  other  circumftances  enumerated  by  Dr.  Priedley  in  the  defcription  of  thei  clpuds, 
in  a  thunder-dorm,  in  his  Hidory  of  £le£lricity,  mention  is  made  of  a  certain  luminous  ap« 
pearance,  evidently  independent  of  folar  refledlion.  l.have  always  fuppofed  this  expreflion 
to  denote  the  opake  whitei^s  of  the.  upper  or  arched  outline  of  certain  thunder-clouds,  con« 
traded  with  others  apjparently  in  contact  with  them,  but  of  a  dull  leaden  hue ;  and  accord- 
ingly I  was  difpofed  to  conclude  that  the  whole  was  an  optical  delufion,  arifing  from  the 
pofition  of  the  fpe£):ator,  who  imagined,  though. falfely,  that  the  latter  clouds  were  as 
much  expofed  to  the  fun's  dir^Gt  Kght  as  the  former.  But  the  dorm  which  happened  on 
Sunday  morning,  the  3ptb  of  July  lad,  exhibited  fa£ls  which  feem  to  (hew  that  the  tranCtion 
of  ele&ricity  may  caufe  the  clouds  to  emit  a  deady  permanent  light|  very  difier^nt  from  the 
fudden  £adi  called  lightning, 
y oL.  I.— September  1797^  JM  m  I  wag 
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I  was  called  at  five  o^clock  in  the  morning.  The  fky  was  then  covered  with  etoudSf  not: 
very  denfe  except  to  the  fouth,  and  flying  with  great  rapidity  to  the  W,  by  S.  or  W.  S.  W^ 
It  lightened  very  frequently  in  the  N.  W.  and  S.  W.  quarters,  by  doubled  and  trebled  Bztbt^ 
of  a  bright  illumination  (for  the  aftual  flafh  was  tiot  feen),  with  very  toud  thunder,  ufually  at 
the  interval  of  1 1  or  12  feconds  after  the  flafti  The  lower  prominences,  or  ragged  extremities 
of  the  clouds,  were  conftantly  tinged  with  red,  and  I  was  informed  that  they  had  been  very  * 
much  redder  before  I  got  up.  *  " 

At  about  ten  minutes  after  five,  no  rain  having  fallen,  but  a  few  heavy  drops,  a  fttdde& 
darknefs  came  on,  and  the  duft  rofe  in  Ncwman-fti^eet,  where  I  refide,  beginning  at  the 
fouth  end,  about  250  yards  diftant  from  my  houfe,  and  proceeding  to  the  north.     It  wat< 
very  denfe,  and  rofe  to  the  height  of  about  fixty  feet  by  eiliraate,  which  is  much  higher  than 
the  houfes  in  the  ftreet.     At  about  a  quarter  pad  five,  the  darknefis  being  then  greatell,  the- 
houfes  on  the  oppofite  fide  of  the  ftreet  appeared  as  if  feen  through  a  deep  blue  glafs,  par-» 
ticularly  the  white  flone  work  above  the  windows ;  and  upon  looking  upwiirds,  the  clouds 
were  feen  of  a  deep  leaden  bfue  colour,  and  moving  fwiftly  rn  a  direSion  pfecifely  oppofitC: 
to  that  before  obferved,  namely,  to  the  E.  by  N.  or  E.  N.  E.     Soon  afterwards,  the  light- 
ning and  thunder  continuing  during  the  whole  of  thefe  changes,  there  fell- a  heavy  fliowqrK 
which  beat  againft  the  weftem  face  of  the  houfe,  and  the  darknefs  gradually  went  off.     At 
half  pail  five  the  clouds  were  much  higher,  and  moved  with  a  moderate  anguhir  motibni 
to  tlic  north,,  while  the  fmoke  of  a  chimney  oppofite  my  window  was  gently  driven  to  thc: 
fouth. 

"We  have  yet  much  to  learn  concerning  the  theory  of  thunder- ft orms;  It  is  well  knowtis 
by  experiments  with  the  ele£lrlcal  doubler  *,  that  almoft  all  bodies  poflefs  a  certain  degree^ 
of  eleflrization^  which  is-  variable  from  a  confiderable  number  of  circumftances.  It  is  alfo* 
known  from  Franklin's  experiments  of  the  can  and  chain,  as  well  as  from  numerous  other 
fa£bs,  that  the  intenfity  of  the  ele£tric  ftaie  will  be  augmented  by  diminiftiing  the  fur&ces  of. 
bodies.  In  this  way,  as  well  as  from  other  caufes,  it  is  inferred  that  clouds  become  highly 
ele£trified  during  the  progrefs  of  their  condenfation ;  fo  that  flafties  of  lightning  pafs  be-- 
tween  them  and  tlie  eatth,  and  between  each  other.  From  other  obfervations  and  deduc-. 
tions,  it  has  been  alfo  rendered  highly  probable  that  the  long  range  of  clouds  in  a  ftorat 
cf  this  nature  does  ferve  as  a  conductor,  through  which  flaflies  of  ele<^ric  fire  are  conveyed 
from  one  part  of  the  earth  to  another  part  in  a  difierent  ftate.  The  h&s  above  dbicribed 
ieem  uncommon,  and,  if  collated  with  other  more  ufual  events,  may  afford  fome  inftruc- 
tion  concerning  this  clafs  of  phenomena.  I  do  not  highly  efteem  the  conjeAures  whicbpie* 
fent  themfelves  to  me  on  this  occafioa;  but  (hall  communicate  them^  becaufe  they  tend  to 
point  out  future  objefks  of  refearch. 

The  fingttlarity  of  this  thunder-ftorm  appears  to  have  arilfen  from  thc  mafs  of  aqne-^ 
cus  vapour  having  been  much  toa  fmall  to  afford  a  favourable  communication  between 
the  two  oppofite  ftates  of  eleflricity  on  the  furface  of  the  earth.  If  the  mafs  of  douda  be 
fuppofed  to  have  been  at  firft  near  the  eaftern  portion  of  the  earth,  and  to  have  become 
tleArified  and  repelled^  they  would,  on  the  common  principle  of  bodies  in  that  ftate,  be  re- 
pelled^ and  pafs  fwiftly  to  the  weftem  part  of  the  fudface  to  depofit  their  eleftricity  as  foon. 

*  New  Expennients  on  £Ic£lricity.    By  the  Rev.  A.  Beonet,  F.  R.  S.  o^vo.  London^ 
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tis  they  came  within  the  ftriking  didance.  In  this  fituation,  it  may  be  imagined  that  the  fup- 
ply  or  communication  might  continue  to  be  made  by  the  eaftern  part  of  the  cloud  afling  in 
the  manner  of  a  point,  while  the  weftcrn  part  emitted  flafiies ;  a  fuppofition  which  is  ren- 
dered more  probable  by  the  confideration  thatn^<^  thunder-clouds  are  ragged  or  pointed  on 
*  onefidci  and  round  or  fwelled  on  the  other;  andalfo  that  the  difpofition  of  any  conduftor  to 
receive  cleQricity  without  explofion  is  much  greater  than  to  give  filently,  even  when  the  ter- 
minations are  alike.  I  conjefture,  thecefore,  that  the  lightning  came  from  the  ead,  and  pafled 
through  the  clouds  to  the  weft;  that  thepofterior  extremities  of  the  clouds  were  illuminated 
as  points  ufually  are  5  that  the '  eleftric  motion  of  thefe  low  clouds  at  firft  caufed  an 
eafterly  wind ;  that  fome  change  in  the  general  ftate  of  eleftricity,  or  perhaps  the  mere  ex- 
hauded  ftate  of  the  clouds,  caufed  them  to  pafs  rapidly  back  to  the  original  refervoir,  as  in 
the  moft  common  experiments  of  eleflricity  \  that  this  return  produced  firft  a  ftrong  eddy 
in  ihe  lower  air,  which  threw  up  the  duft,  and  afterwards  a  contrary  ftream  of  wind,  by 
which  the  rain  was  beaten  againft  the  weft  front  of  the  houfe.  But  why  the  clou.is  fliould 
have  been  illuminated  with  a  red  colour  during  their  weftern  courfe,  and  afterwards  with 
blue,  does  not  feem  deducible  from  any  fads  I  know  of.  It  may  perhaps  be  analogous  to 
the  colours  of  the  aurora-borealis.  The  contrary  lower  current,  when  the  clouds  were 
moving  to  the  north,  feems  to  have  been  a  natural  confequence  of  their  remotenefs.  It  is  pro- 
bable that  the  returning  current  of  th^  air,  which  muft  have  been  driven  before  the  mafs 
of  clouds  when  they  were  moving  very  near  the  earth,  took  place  entirely  in  the  upper  part 
of  the  air,  wh^re,  in  that  cafe,  there  was  more  room. 


VII. 
TIse  Method  of  making  excellent  Bread  luithout  Teaf  ;  as  praBtfed  at  Debretzin  in  Hungary  *• 

By  Robert  Townson,  LL.  D.  F.  R.  S.  Edin. 


L, 


rIGHTER,  whiter,  and  better-flavoured  bread  than  that  made  here  I  never  ate,  nor  did 
I  ever  fee  elfewhere  fuch  large  loaves.  *Were  I  not  afraid  of  being  accufed  of  taking  ad- 
vantage of  the  privilege  of  travelleis,  I  (hould  fay  they  were  near  half  a  yard  cubed.  As 
this  bread  is  made  without  yeaft,  about  which  fuch  a  hue  and  cry  is  often  raifcd,  and  with 
a  fubftitute  which  is  a  dry  mafs,  that  may  be  eafily  tranfported,  and  kept  half  a  year  or  more, 
I  think  it  may  be  of  ufe  to  my  country  for  me  to  detail  the  Debretzin  art  of  making  bread. 
The  ferment  is  thus  made :  Two  good  handfuls  of  hops  are  boiled  in  four  quarts  of  water: 
this  is  poured  upon  as  much  wheaten  bran  as  can  be'  well  moiftened  by  it :  to  this  are  added 
four  or  five  pounds  of  leaven  ;  when  this  is  only  warm,  the  mafs  is  well  worked  together 
to  mix  the  different  parts.  This  mafs  is  then  put  in  a  warm  place  for  twenty-four  hours, 
and  after  that  it  is  divided  into  fmall  pieces,  about  the  fize  of  a  hen's  egg,  or  a  fmall 
orange,  which  ate  dried  by  being  placed  upon  a  board,  and  expofed  to  a  dry  air,  but  not  to 
the  fun  ;  when  dry,  they  are  laid  by  for  ufe,  and  may  be  kept  half  a  year.  This  is  the 
ferment,  and  it  may  be  ufed  irt  the  following  manner :  For  a  baking  of  fix  large-  loaves, 
fix  good  handfuls  f  of  thefe  balls  are  taken  and  diflblved  in  feven  or  eight  quarts  of  warm 

•  Travels  Mn  Hungary,  410,  London/ 1797,  page  242. 

f  J  Aippofe  broken  into  fragmeots )  th«  balls  themfelvet  being  too  large  to  be  OMafured  by  handsful.    N. 

*      *  fu  "  M  m  2  water. 
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water.  This  U  poured  through  a  Gere  into  one  end  of  the'bread-tronghj  and  three  quartBinoTe 
of  warm  water  are  poured  through  the  fieve  after  it,  and  what  remains  in  the  fiere  h  welC 
preiTed  out.  This  liquor  is  mixed  up  with  fo  much  flour  as  to  form  a  inafs  of  the  fixe  6€ 
a  large  loaf:  this  is  ftrewed  over  with  flour,  the  Geve,  with  its  contents  j  is  put  upon  it,  andr 
then  the  whole  is  covered  up  warm,  and  left  till  it  has  rifen  enough,  and  its  furface  hat* 
begun  to  crack :  this  forms  the  leaven.  .  Then  fifteen  quarts  of  warm  water,  in  which  fix 
bandfuls  of  fait  have  been  diflblved,  are  poured  through  the  fieve  upon  it,  and  the  necefiarf 
quantity  of  flour  is  added,  and  mixed  and  kneaded  with  the  leaven :  this  is  covered  up* 
warm,  and  left  for  about  an  hour.  It  is  then  formed  into  loaves,  which  are  kept  in  a  warm 
room  lialf  an  hour ;  and  after  that  they  are  put  in  the  oven,  where  they  remain  two  or 
three  hours,  according  to  the  fize.  The  great  advantage  of  this  ferment  is,  that  it  may  be 
made  in  great  quantities  at  a  time,  and  kept  for  ufe.  Might  it  not  on  this  account  be  u!k^ 
ful  on  board  of  (hips,  and  likewife  for  armies  when  in  the  field  ? 


VIIL 
Defer  jption  and  Ufe  of  an  Eudhrtiettr  nvtth  Sulpharet  ofPot-AJh.     By  Gtizin  GUTTON  *• 


N. 


ATIJR AL  philofophcrs  and  chemids  have  long  been  defifous  of  poflleOing  mi  eudio-^ 
meter  which  might  accurately  (hew  the  quantity  of  oxygene  mixed  in  any  kind  of  gas.  Citi«» 
zen  Berthollet  his  clearly  (hewn,  in  his  late  leflbns  to  the  Normal  School  f,  that  the  eudio*^ 
meter  of  Scheele,  which  he  with  |uftice  confiders  as  the  bcft,  has  neverthelefs  great  defe£ts  ^ 
bccaufe  the  abforption  requires  feveral  hours,  and  becaufe  there  is  a  decompofition  of  water 
/  towards  the  end,  which  confequently  difengages  hydrogcne  gas,  and  renders  the  meafure  o£ 

abforption  doubtful. 

This  confidcf  ation  induced  me  to  feek  a  material  which  might  immediately,  and  with  con-^  ^ 
venience,  afford  a  refult  more  to  be  depended  oa  than  thofe  obtained  by  nitrous  gas,  hy- 
drogene  gas,  phofphorus,  and  the  mixture  of  fulphur  and  iron ;  the  only  fubftances  whiclfc, 
have  been,  as  far  as  I  know,  hitherto  ufed  or  propofed  for  that  purpofe. 

The  fulphuretof  pot-a(h  appeared  to  me  to  deferve  trial  in  this  refpeii.  I  well  Tcnew  that 
at  the  ordinary  temperature  it  is  only  fufceptible  of  a  combination  (lill  more  flow  and  in- 
fenfible  than  the  mixture  of  fulphur  and  iron  molftened  •,  but  I  prefumed  that  by  raifing  the 
temperature,  merely  by  the  approach  of  a  fmall  taper,  the  aftion  of  chemical  affinity  might 
be  fo  much  favoured  as  to  determine  rapidly  an  abforption  which  in  that  cafe  would  not  be 

m 

afle^fled  by  any  foreign  circumftance. 

The  cffeft  has  completely  juftified  my  conjefture  5  fo  that  nothing  more  remains  thalfc 
to  defcribe  the  apparatus  required  to  form  this  eudiometric  inffrument.  I  thought  that  the- 
reverfed  retort,  or  in(le£led  receiver  (recipient  cornu)  as  I  have  named  it  in  the  article  yftr  of* 
the  Encyclopcdie  Methodique,  I.  706,  would  unite  fimplicity,  convenience,  and  every  de-- 
firable  advantage.  The  experiment  was  made  in  the  laboratory  of  the  third  divifion  of  the 
Polytechnic  School,  according  to  the  following  defcription; 

'*  Journal  dc  I'Ecole  Polytcchnique,  IT,  166. 

"J-  Seance  dcs  Ecoks  Nonnalcs,  &:c.  torn.  v.  p.  73* 
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AB*  Plate  XII%  Pig.  %  Tcprcfents  a  very  fmall  glafs  retort,  with  a  long  ncct,  its  whole 
Capacity  being  from  12  to  15  eentilitrcs  (between  feven  and  nine  foHd  inches  Engliih).  It 
mud  be  cbofen  of  fuch  a  cuiyaturej  that>  when  the  neck  ia  fet  uprigbt^.  the  bulb  may  form  at 
its  lower  part  a  cavity  to  retain  the  matters  introduced. 

The  extremity  of  the  nock  of  this  retort  is  ground  with  emery  to  enter  the  glafs  tube  CDj^ 
^hich  is  open  at  both  ends,  and  about  %o  or  25  centimetres  in  length  (eight  or  nine  inches 
Englifh).  The  retort  then  clofes  the  tube  in  the  manner  of  a  ground  ftopper>  and  intercepts 
all  external  communication  *• 

A  cylindrical  glafs  vefle],  F,  is  provided,  of  the  form  of  a  common  jar,  in  which  the  glafs^ 
tube  CD  may  be  entirely  plunged  beneath  the  level  of  the  water. 

Laftly,  the  fulphuret  of  pot-afh  is  prepared  and  broken  into  pieces  fuffieiently  fmall  tc 
1>e  introduced  into  the  retort.  Thefe  are  to  be  enclofed,  dry  and  even  hot,  in  a  bottle  for 
«fe. 

Thefe  conftitute  the  whole  apparatus  and  preparation  of  materials. 

When  it  is  required  to  examine  an  aeriform  fluid,  by  feparating  its  rcfpirable  part,  two* 
j|>r  three  pieces  of  the  fulphuret,  of  the  fize  of  a  pea,  are  put  into  the  retort.  It  is  their 
filled  with  water,  taking  care  to  incline  It  fo  that  all  the  air  may  pafs  out  from  the  bulb; 
The  orifice  of  the  retort  is  then  to  be  clofed,  and  inverted  into  the  pneumatic  tub,  in  order 
that  the  gas  propofed  for  examination  may  be  transferred  into  it  in  the  ufual  manner. 

By  an  eafy  manoeuvre  of  alternately  inclining  the  retort  in  •  ifferent  diredions,  sJl  the 
TWater  is  made  to  flow  out  of  the  bulb  in  which  thc^lphuret  remain^. 

When  this  is  done,  the  retort  is  placed  in  the  vertical  (itHation,  and  its  extremity  intro^*^ 
4aced  into  the  tube  oi-  gkfs  CD^  which  muft  alwaysr  be  under  water.  A  fmall  lighted 
^per  is  then  to  be  plaee^  undet  the  bulb. 

To  fupport  the  retort  in  its  pofition^  the  jar  is  provided  with  a  wooden  eover,,  in  whicb 
there  is  a  notch  to  receive  it.  •. 

The  iirft  impreflion  of  the  heat  dilates  the  gafeons  fluid  fo  much  that  it  ^eicends  alnt^ft 
to  the  bottom  of  the  tube,  whkh  i*  di^ofed  exprcfsly  for  its  reception  j  odierwife  thr 
partial  efcape  would  prevent  an  accurate  determination  of  itrchangc  of  bulk. 

But  as  foon  as  the  fulphuret  begins  to  boil,  the  water  quickly  rifes,  not  only  in  the  inferior 
tube,  but  likewife  in  the  neck  of  the  retort,  notwithftanding  the  application  and  even  the 
Jncreafe  of  the  heat. 

If  the  fliiid  be  abfolutely  pure  vital  *air,  the  abforptkm  is  total.  In  this  (fafc,  to  prevent 
the  rupture  of  the  veflcl  by  too  fudden  riefrigeration,  the  afccpt  ofrthe  water  muft  be 
Tendered  flower,  either  by  reroovirig  the  taper,  or  inclining  the  retort  f;  which  will  not  pre-- 

*  CitizeD  Chauflier  bad  before  con(lru£ted^  for  cudiometric  experiments  with  phpfphorus,  an  apparatus  Uttic 
dlRbrent  frpm  this,  compofcd  of  a  lonjg  tube  of  a  fibgle  piece,  .one  en^  of  which  is  bended  and  blown  rato  abplb, 
and  has  at  e  a  projt'6<ing  tube,  which  is  clofed  with  ar  cork,*  after  (iaving  caufed  the  water  to  rife  within  the 
tube  to  about  one-third  cf  its  height.  This  iafhnment  may  alio  be  applied  for  experiments  with  the  fulphuret 
#f  pot-afli.  7  muft  obferve,  hoiW^v«r,  that  <he  pra^ice  is  nor  fo  tafy  as  it  appear*  at  Ml  (ighc :  brfides -whiehy. 
if  the  proje£ting  tube  renders  it  very  coovcAifcor.  fbr  operating  on jtbe  air  of  the  atnio(phcre,  it  is  not  the  iamp 
-W4th  regard  to  the  otlier  gafcs,  which  cansot  be  iqtvoducod  but  by  tranaferring  tbcnu.    -G. 

fit  doe^  not  appear  that  incliniag  the  retort  ^ould  d«ti>jni(h  ibc  rapidity  of  dS^Xiion,  If  the  perfeadlcular 
ficight  were  increafld,  by  partly  raiitn^  toe"  tub^  above  the -water,  or  if  theaperture  v^erc  partly  doftd,  this  e£*ei6^ 
freuld  follow.    N. 

•¥ent 
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vent  the  abforption  from  continuing  while  any  gas  remains  which  Is  proper  to  fupport 
combuftion. 

If  the  fluid  be  common  air,  or  vital  air  mixed  with  any  other  gas,  the  quantity  of  water 
which  has  entered  the  retort  muft  be  accurately  meafured  after  the  cooling.  It  reprefenti 
(he  volume  of  air  abforbed.  Care  mud  be  taken  to  enclofe  the  remaining  gas  under  the 
fame  prefTure,  by  plungix^g  the  retort  to  the  level  of  the  line  at  which  the  endofed  water 
refts,  before  the  orifice  is  ftoppcd. 

This  operation  of  nrieafuring,  which  is  very  eafy  when  meafuring  veflels  are  at  hand,  may 
be  habitually  performed  by  a  flip  of  paper  palled  oo  the  neck  of  the  retort,  upon  which  diviGons 
are  drawn  from  obfervation,  and  which  muft  be  covered  with  vamifli,  to  defend  it  from  the 
a£lioQ  of  the  water. 


IX. 

Defcriptlon  of  an  improved  EIe3rometery  In  which  the  Senfthtlitj  of  the  Gold^Leaf  Is  confideraUy 
augmented^  and  the  Intenftties  are  dlftinguijhed  by  numerical  Graduation. 


I 


T  is  fcarcely  to  be  fuppofed  that  any  philofopher  who  is  converfant  with  eleQricity  can 
be  unacquamted  with  the  dedrometcr  of  Bennet,  in  which  two  pendent  flips  of  gold4eaf 
are  fubftituted  in  the  place  of  the  pith-balls  of  Canton,  and  ferve  to  indicate  the  nature  and  , 
quality  of  very  minute  intcnfities  of  the  eledtric  ftate.  There  are  two  particulars  in  which 
this  excellent  inftruraent  appears  capable  of  improvement :  the  firft,  to  render  it  portable^ 
without  danger  to  the  gold-leaf,  and  the  fecond,  to  exprefs  its  various  degrees  of  ele^iza« 
tioji'by  a  fcale  of  diviflons. 

I  have  refledled  much  on  tlie  probable  means  of  fecuring  the  gold-leaf  from  fraflure  by  car* 
tiage,  but  hitherto  with  little  profpeft  of  fuccefs.  There  was  fome  hope  that  a  fingle  flip  of 
this  gold  might  be  preferved  in  a  flieath  or  box,  with  its  fides  very  nearly  in  conta<^  \  but 
«when  I  placed  fuch  a  flip  upon  a  gilded  piece  of  wood  of  the  fame  fuperficial  dimenfions,  to 
which  it  was  fafteoed  at  one  end,  its  flexibility  was  fuch  that  the  leaf  very  readily  Aided  along 
the  furface  of  the  wood^  and  became  full  of  folds,  by  inclining  the  fififtened  end  a  very  few 
jdegrees  lower  than  the  other  extremity.  There  was  ftill  lefs  immediate  expe£lation  that  the 
flips  could  be  a£lually  and  repeatedly  confined  between  two  leaves  or  cufliions,  as  in  the  book 
of  the  gold-beaters, -without  their  being  broken  by  occafional  agitation.  To  this,  however^ 
my  attention  will  probably  be  dire£led  when  I  may  again  refume  this  obje£t.  In  the  mean 
time,  I  recommend  it  to  other  philofophers,  as  a  very  defirable  improvement  in  the  mine« 
ralogical  apparatus,  and  (hould  rejoice  to  be  anticipated  by  their  fuccefsful  refearches. 

The  weight  of  one  flip  of  gold-leaf,  in  the  eleftrometer  of  Bennet,  is  about  one-fix* 
hundredth  part  of  a  grain ;  but  this,  as  well  as  the  iienfibility  of  the  inftrument,  muft  vary» 
jfiot  only  from  the  figure  and  dimenfions  of  the  piece,  but  the  nature  and  thickncfs  of  the 
gold  itfclf  *.  It  feemed,  therefore,  unnecefl*ary  to  endeavour  to  render  two  of  thefc  inftru* 
ments  comparable  with  each  other.  All  that  could  be  done  was,  to  diftinguifli  the  diflfcrcnt 
intenfities  as  (hewn  by  the  divergencies  of  the  leaf}  or,  as  I  haveltaken  it,  the  diftances  at 
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.lAIch  th«7  ftrlke  a  pair' of  uninfulated  metallic  bars.  In  Plate  XII.  Fig.  3»  A  reprefents 
the  infulated  metallic  cap,  from  which,  at  C,  depend  the  two  narrow  pointed  flips  of  gold- 
leaf.  BB  is  the  glafs  (hade,  which  ferves  to  fupport  the  cap,  and  defend  the  leaves  from  the 
motion  of  the  furrounding  air.  DD  are  two  flat  radii  of  brafs,  which  open  and  fliut  bjr 
means  of  one  common  axis,  like  a  pair  of  compafles.  By  a  contrivance  pf  fprings,  they  arc 
difpofed  to  open  when  left  at  liberty  }  but  the  micrometer  fcrew  E  ferves  to  draw  a  nut, 
which  has  two  (leel  bars,  with  a  claw  at  the  end  of  each^  that  enters  into  a  correfpondent 
flit,  in  two  fmall  cylindrical  pieces,  to  which  the  radii  are  fixed  refpeftively.  This  appa- 
ratus is  feen  in  another  pofition  in  Fig.  4.  KL  reprefents  a  piece  of  brafs,  which 
ferves  as  the  frame  for  the  work^  and  fits  the  lower  focket  of  the  eleftrometer,  FF, 
Fig.  3.  In  this  the  letters  I H  indicate  the  cylindrical  pieces  which  carry  the  radii,  and 
arc  feen-  from  beneath.  On  the  fide  of  the  nut  G,  one  of  the  fteel  drawing  pieces  is  feen ; 
the  other  being  on  the  oppofite  fide,  and  confequently  not  vifible.  Towards  L  appear  the 
two  re-a£tion  fprings.     The  other  parts  require  no  verbal  defcription. 

In  the  common  conftruClion  of  the  gold-leaf  eledrometcr,  there  are  two  pieces  of  tinfoil 
pafted  on  oppofite  parts  of  the  internal  furface  of  BB ;  againft  which  the  gold-leaf  ftrike» 
when  its  ele£lriclty  is  at  the  maximum.  If  the  radii  DD  be  left  at  the  greateft  openings 
ourindrument  does  not  then  differ  from  that  in  common  ufc  But  if  the  divergence  pro- 
duced by  the  contafl  of  an  atmoipheric  condudor,  or  aay  other  fource  of  ele£tricity,  be  fa 
fmall  as  to  render  it  doubtful  whether  the  leaves  be  eledtrified  or  not,  tlie  radii  may  then  be* 
brought  very  gradually  together  by  means  of  the  fcrew,  until  the  increafed  divergency  from 
their  attradive  force  be  fufficient  to  afcertain  the  kind  of  electricity  poffefled  by  the  leaves. 
In  this  and  all  other  cafes,  the  divifion  on  the  micrometer  head,  which  (lands  oppofite  the^ 
fixed  index,  at  the  time  the  leaves  ilrike  the  radii,,  will  (hew  the  gjreater  or  lefs  degree  of 
intenfity.. 
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Thi  improved  Proctjs  of  Tanning,     By  Citizen  S ECU  IN  *. 

XN  confequence  of  our  knowledge  of  the  multiplied  refearches  and  important  difcoveries 
of  Citizen  Seguin  refpeding  aftringent  fubdances,  and  the  happy  application  of  thofe  dif- 
coveries  to  Gmplify  and  perfefl  the  art  of  tanning,  we  invited  him  to  vifit  the  public  la- 
boratory, for  the  purpofe  of  communicating  his  proceffes  and  obfervations.  Far  different 
from  thofe  (elfi(h  manufaAurers,  who  carefuHy  conceal  under  the  cloak  of  pretended  myf- 
tery,  operations  in  themfehres  fimple,  frequently  tranfmitted  by  oral  tradition,  and  which 
have  coft  them  neither  trouble  nor  expenee,  the  Citizen  Seguin  did  not  hefitate  to  comply 
with  our  wi(hes,  and  has  devoted  to  thiis  obje£l  two  fittings,  at  which  all  the  pupils,  and 
the  greateft  part  of  the  in(Ututors  and  agents  of  the  fchod,  were  prefent.  He  not  only 
exhibited  without  referve  all  that  experience  and  meditation  had  difcovezed  to  him,  but  he 
likewife  came  attended  by  (kilful  workmen,,  with  proper  inftrument*  to  execute  all  the 
proceffes.    Laftly,  be  furnilhed  gratuitoufly  the  fluns,  and  a  confiderable  quantity  of  tan>. 

•  Reported  by  Citizen  Chauflxerj  being  part  of  the  Tnmfa^ons  of  the  Polytechnic  School  of  France*  From 
&cir  Jounuii  IV.  678. 
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in  order  that  tTtch  of  the  pupUs  might  himfelf  repeat  the  experiments,  foHorr  tlie  iei^ 
tail  of  all  the  proceflcsi  and  render  himfelf  completeljr  mafter  of  the  method*  We  couU 
^are  wi(hed  to  render  an  exa£^  account  of  the  two  ledures  delivered  by  Citisen  Seguin  at 
the  fchool;  but  circumftances  oblige  us  to  confine  our  narration  to  the  principal  objects. 

Want  is  the  parent  of  the  arts.  Though  man  in  the  poficflion  of  all  his  forces  is  formed 
to  fupport  the  difference  of  feafons  and  climates ;  though  the  parts  of  his  bodjr  which  are 
fubjedled  to  preflure,  as  in  quadrupeds^  are  fo  difpofed  as  to  acquire  by  habit  and  exercife  a 
degree  of  denfity  and  compaftnefs,  which  renders  them  little  fenfible  to  the  a^ion  of  foreigti 
bodies :  yet  accidents,  and  circumftances  which  it  rs  eafy  to  fuppofe,  have  determined  him  to 
feelc  the  means  of  fecuring  his  feet  from  the  impreflion  of  an  -unequal,  flinty,  or  humid  foil* 
Tlie  (hepherd  mud  have  firft  made  ufe  of  foft.and  flexible  bark,  mats,  and  fimilar  fabrica- 
tions of  difFcrent  kinds ;  the  hunter  mull  have  taken  a  piece  of  the  frefli  (kin  of  fuch  animals 
as  ferved  for  his  fupport,  which  he  muil  have  faihioned,  modelled  upon  his  foot,' and  retained 
with  ftraps  *.  Thefe  fimple  means  are  fufficient  in  a  climate  which  is  ufually  dry-,  but  they 
vrould  be  of  little  advantage  on  wet  ground^  or  in  a  climate  fubje^l  to  the  alterations  of  wet ' 
and  dry  weather. 

Skins  fwell  up,  and  become  foft,  by  moiflure,  which  renders  them  .permeable  to  water. 
Hence  they  are  eafily  deftroyed  by  the  putrid  procefs  which  enfues,  and  they  become  dry 
and  brittle  when  the  moidure  is  evaporated.  Accident,  no  doubt,  occafioned  the  difcovery 
of  the  means  of  preventing  thefe  inconveniences  by  tjie  ufe  of  certain  vegetable  fubftancee^ 
particularly  the  bark  of  oak.  It  was  feen  that  (kins  prepared  with  thefe  fubflances  acquired 
new  properties ;  that  without  lofmg  their  flexibility  they  became  lefs  permeable  to  water  i 
more  firm,  more  compaA,  and  in  fomc  meafure  incapable  of  putrefa£tion,  Thefe  obferva^ 
tions  gave  birth  to  the  art  of  the  tanner. 

This  art,  no  doubt  of  high  antiquity,  becaufe  founded  on  one  of  the  earlieft  wants  of  matt 
in  fociety,  comprehends  a  fucceUion  of  proeefles  which  was  executed  by  habit  and  imitation^ 
without  a  knowledge  of  the  elTential  objefts.  The  preparation  of  fkins  accordingly  required 
fevcral  years,  and  frequently,  in  fpite  of  the  care,  expence,  and  flownefs  of  the  operation, 
the  tanning  was  incomplete ;  the  (kin  formed  a  foft  and  porous  leather,  which  was  fooa 
deflroyed  by  moifture.  Thefe  defe«5l$  eflcntially  fprung  from  ignorance  of  the  true  princi- 
ples of  this  operation,  becaufe  no  difcovery  had  been  made  refpe£ling  the  a&ion  of  tan 
upon  the  ikini  and  the  circumdances  or  conditions  which  might  accelerate  or  retard  the ' 
procefs. 

To  arrive  at  this  knowledge  in  an  accurate  manner,  it  is  nec^flTary  to  conCder,  BxR^  the 
nature  and  properties  of  tan,  and  fecondly,  the  dru£ture  and  compofition  of  the  (kin. 

We  (hall  not  enter  into  the  detail  of  fuch  precautions  as  are  requifite  in  the  choice  of  oak 
bark,  the  time  and  manner  of  feparating  it  from  the  tree,  preferving  it,  or  pulverifin^  it. 
It  will  be  fufficient  for  our  objefl  to  remark,  that  water  poured  into  a  vefTel  upon  tan  ac« 
quires,  after  fome  hours  infufion,  at  the  common  temperature  of  the  atmofphere,  a  browa 

•  *  .       . 

*  According  to  the  relations  of  traveUcrsi  thcfc  ufages  arc  (lill  to  be  found  among  certain  nations.    Spannan 
affirms,  that  ihc  Hottentots  make  their  Ihocs  with  a  piece  of  frelh  (kin,  the  edges  of  which  they  raifc  up,  anc* 
tie  with  ftraps ;  the  hairy  fide  is  outwards.     No  other  preparation  is  made  than  to  heat  and  moiften  the  (kin.  I 
it  be  ftrong  and  thick  (fuch  i«  the  Ikin  of  the  buflfalo,  for  example),  it  i«  left  for  fomc  houn  iitoow-dus 
wiiich  reader^  it  foft  and  flexible. 
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toUiKir,  an  aflxhigent  taftei  apd  becomes  charged  with  the  moft  foluhle  fubfbnces  cohtained 
in  the  tan ;  that  by  drawing  oflF  the  water,  and  adding  a  fimilar  quantity  to  the  tan  repeat- 
edly»  the  .whole  of  the  foluble  parta'may  be'facceiRveiy  extraAed,  the  water  ceafes  to  acquire 
colour^  and  there  remains  in  the  tub  a  mere  fibrous  matter,  or  parenchymatous  texture,  ii>- 
folublc  in  water,  and  do  longer  adapted  to  promote  the  operation  of  tanning.  This  refidue 
is  thevefore  always.  reje£^ed  id  the  m^nufa^ories  as  ufelefs.  It  is  only  ufed  by  gardeners  for 
their  hqt-bed8,,but  might  probably  be  advantageoufly  applied  in  the  fabrication  of  coarfe 
paper.  .       , 

.  It  is  therefore  in  the  water  of  infudan,  or  the  lixiviations  of  tan,  that  we  mu(l  feck  for  the 
foluble  fubOances  which  alone  are  efficacious  in  tanning. 

.  On  examination  of  the  water  of  the  laft  filtration,  it  is  found  to  be  not  only  clearer,  lefs 
Impregnated,  and  lefs  acrid  than  the  water  of  the  firft  lixiviation,  but  likewife  that  it  pof- 
fefles  all  the  properties  of  the  ^llia  acid. '  It  reddens  the  infufion  of  tournfol,  adls  upon 
metallic  folutions,  and  more  particularly  it  precipitates  a  black  fecula  from  folphate  of  iron, 
&c.  And  it  is  alfo  found  .that  t  piece  of  frefh  (kin,  divefted  of  its  fat  and  fanguine  humours, 
and  macerated  in  this  liquor,  inflead  of  becoming  compa£t,  is  foftened  and  fwells  up. 

The  liquor  of  the  firft  lixiviation  exhibits  a  very  different  chara£ter.  It  is  more  coloured 
and  aflringent  \  it  not  only  exhibits  the  properties  of  the  gallic  acid,  by  the  alterations  it 
caufes  in  the  blue  colours  of  vegetables,  and  the  black  precipitate  it  forms  with  the  fuiphate 
of  iron ;  but  it  likewife  poflefles  the  remarkable  quality  of  forming,  with  animal  gelatin,  or 
glue,  a  yellowifh  abundant  precipitate,  infoluble  in  water,  hot  putrefcible,  which  becomes 
hard  and  brittle  by  drying ;  and  if  a  piece  of  fkin  properly  prepared  be  immerfed  in  this 
fluid,  it  becomes  gradually  more  compaft,  and  is  converted  into  leather. 

There  exift,  therefore,  in  the  fame  fluid,  two  very  different  fubftances :  the  one,  which 
precipitates  a  black  matter  from  iron,  is  the  gallic  acid  or  principle ;  the  other,  which 
precipitates  animal  gelatm  or  glue,  is  called  the  tanning  principle,  on  accountof  its  efficacy 
in  the  preparation  of  leather. 

To  leave  no  doubt  on  this  important  point,  it  was  proved,  by  a  number  of  experiments 
eafy  to  be  repeated, 

I.  That  the  liquor  of  the  laft  lixiviation,  though  coloured,  and  of  an  aftringent  taftc,  a^ 
fords  no  precipitate  with  gliie ;  a  f a£):,  which  feems  to  fhew  that  the  gallic  acid  contained 
in  the  bark  is  lefs  foluble  than  the  tanning  principle.  ■  In  fa£fc,as  has  alrieady  been  remarkeil; 
when  tvater  is  fucceffively  poured  on  the  tan,  an  infufion  is  at  Uift  obtained  which  no  longer 
precipitates  glae,^ough  it  precipitates  fuiphate  of  iron  very  well.  ' 

a.  The  liquor  of  tlie  firft  lixiviation,  after  having  been  faturated  virith  glue -or  animal  g^ 
latin,  and  forming  an  abundant  precipitate  with  that  fiibftance,  is 'Cntirdiy  deprived  of  the 
tanning  prindple.  It  no  kniger  diflera  ftom:the*]sqadr  of /the  laft  fiitvatlons^  atrf  icotftaihe 
merely  a  portion  of  the  gallic  acid«  r Hence  iho  addifiori  of  fulphltfe  of  iroit'afibids  a  neur 
jprecipitatevith  tlusjiqtior^i**  :       .jv.vf  ^L  >    ij(./-r-/:  1.4.    h\iu  d*."»:.p-  /'^  «'      '* 

3.  As  the  tanning  principle  has  a  ftrong  attra£lion  to  the  animal  gelatin^  with  which  it 
always'forms  an  infoluble  precipitate,  thi^property  afFoi'dd.a  very  convenient  re  agent  to  af- 
certain  its  prefcnce  immediately  in  any  fluid,'  and  to  dctcrpjine  with  precifion  its  quai^tity^ 
Aocorifingiy,  the infufion  of  tan  poured  info  milk,,yh$>y,./e»uilJ>:  brotb,^  ^. .forms,  with 
,  .  yoL.  I.— September  1^97.  ^      N  n  "  thefc 
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Acfe  fiquorsi  a  precipitate  more  or  left  abandanty  aecording  to  the  quantity  of  gdnio 
•oiey  contain* 

This  peculiar  property  of  the  tanning  prinQpIe  aflbrdt  an  application  which  may  become 
of  great  importance  in  the  art  of  treating  difeafes,  to  determine  the  nature  of  urine,  and  to 
afcertain  fome  of  its  changes.  In  the  healthy  fubje£l,  all  whofc  funftkms  are  duly  exercifed^ 
the  urine  does  not  contain  gelatin,  nor  afford  a  precipitate  with  the  infufioa  of  t«i :  on  the 
contrary,  in  all  the  gaftrtc  aSeflionsy  the  urine  it  more  or  left  charged  with  geladn,  and 
formsy  with  the  infufion  of  tan,  a  precipitate  more  or  lefs  abundant.  The  fame  obfervatios 
it  applicable  to  acute  and  chronical  difeafes,  in  which  the  aflbnilating  or  digeftire  forced  are 
troubled,  deranged,  or  perverted. 

4*  The  gallic  acid,  or,  if  other  terms  be  preferred,  the  principle  which  precipitates  the^ 
fulphate  <tf  iron,  is  often  found  alone,  or  at  leaft  widiout  being  accompanied  by  the  tanning 
principle.  Thus  quinquina,  crude  or  torrefied  coiee,  the  roots  of  die  ftrawberry-ptant^ 
Icrofularia,  milfoil,  arnica,  the  flowers  of  Roman  camomile,  and. all  the  multitude  <rf  plants- 
Taguely  comptifed  under  the  title  of  aftringents,  contain  the  gallic  acid  only.  AD  thefe^^ 
form  with  the  fulphate  of  iron  a  prectiHtate  more  or  kfii  coloured  and  abundant ;  but  none 
of  them  produce  the  flighteft  change  in  the  folution  of  animal  glue.  On  the  contrary,  the 
fanning  principle  has  never  been  found  alone,  but  always  united  or  combined  witbthe  galSc* 
:|>rinciple»  It  was  long  fuppofed  to  ezxft  exdufively  in  the  oak,  the  nut-gatt,  and  fumac,  t^e 
iDfilyfubftances  ufed  at  the  tan- works ;  but  it  is  found  more  or  lefs  abundantly  in  the  fili#» 
quaftrum,  theTofe-tree,  the  larix,  (everal  fpecies  of  pines,  the  acacias,  the  lotus,  the  iquil^ 
4he  roots  of  biftort,  of  rhubarb,  of  parelta,  and  feveral  other  plants^  of  which  we  fluU  here«» 
after  give  a  lift.  We  have^lfo  found  this  principle  in  the  produ As  of  diftillation  of  di£» 
ItxivLt  vegetable  fubftances,  where  it  was  in  fome  meafure  formed  during  ibc  operation. 

From  thefe  difl^rent  confiderations,  founded  on  experiment,  die  fbHowihg  general  prin^ 
^ples  may  be  deduced :  i.  Every  fubftance  of  which  the  infufion  is  capable  of  precipitating: 
animal  jelly,  poflefles  the  tanning  property.  %*  Every  fubftance  which  poflefles  die  tanning 
|)roperty,  likewiCe  precipitates  the  fulphate  of  iron  black.  3.  Every  ftibftance  which  precif* 
pitates  the  fulphate  of  iron,  but  not  the  folution  of  glue^  does  not  po&ib  die  tanning  piio«» 
•|ierty  *. 

We  (hall  diCodifs  the  confideration  of  the  tanning  principle,  by  (hewing  fome  of  the  x^ 
naarkabk  dias^ea  to  which  its  infufion  is  fubjed. 

I.  A  few  days  after  its  preparation  a  yellowifb  precipitate  is  fpontaneoufly  formed^ 
which  is  more  abundant  in  proportion  as  the  Kquor  b  more  faturated,  and  the  time^of  iiw 
liiGon  longer.  This  precipitate,  when  Separated,  is  converted  by  drying  into  a  very  fine^. 
lights  aftKoldured  powder,  totally  infoluble  in  water,  oil,  alcohol,  and  ether,  even  at  the 
temperadire  of  ebidlition.  When  thrown  on  burning  coals»  it  readily  takes  fire,  and  emit» 
«  thick  fmoke.  By  deftruAive  dtft'tUadon  it  .aflbrds  »  confiderable  quantity  of  carbonic 
acid  gas^  an  aqueoua  acid,  and  a  brownilh  oil^  leaving  in  the  vttoct  a  light  fpongy  coak 

^  The  foluticm  of  glue  it  a  csBKrentcm  re-agCBt  \»  sittnam  Ac  pctlcoce  of  the  tsnnrng  priaciple.  It  it^thero^ 
iict  advantageous  to  have  it  m  readinefs  in  the  laboratory.  To,  prevent  die  fpeedy  pucrcfa6tioD  to  which.ani* 
feul  rubftancet  arc  liable,  wc  have  added  one-twentieth  part  of  akoho],.  which  aniWcrt  ^e  .purpofe  Very  well,, 
^tbout  alterifig  the  propcrtiet^of  the  fluid.    C. 
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li  ptedldtate  by  Its  inColubUily  approachci  to  the  nAture  of  wood,  and  as  it  ^lls  down 
«vcn  when  the  Uxivitim  of  tan  is  prefervcd  in  well  clofed  vctl'cls  entirely  filled,  it  might  be 
fuppofcd  that  it  is  merely  A  gradual  and  facceffivc  depofition  of  the  remains  of  the  woody 
and  parenchymatous  parts  of  the  bark  diflcminated  and  fufpendcd  in  the  fluid  ;  it  might  he 
imagined  that  the  contaA  of  air  has  nothing  to  do  with  tliis  phenomenon.  But  we  mull 
obfervc,  that  this  precipitate  is  found  in  the  moft  limpid  folution,  even  after  it  has  been  fil- 
tered ;  that  it  is  moft  abundant  when  the  tnfufion  has  been  prepared  from  bark  ground  long 
before,  and  preferred  without  care }  and  that  it  is  more  readily  deposited  when  ihc  liquor  pre- 
sents a  great  furfacc  to  the  contaQ  of  the  air.  In  ihii  cafe  the  furfacc  of  the  fluid  becomes 
tarm(hed  by  an  extremely  fine  pellicle,  which  covers  it,  and  becomes  thicker  and  firmer  the 
longer  the  fluid  remains  thus  expofed  and  at  reft.  If  it  be  divided  by  agitating  the  liquor, 
it  is  again  renewed,  and  in  this  manner  produces  the  precipitate  we  fpcak  of.  We  may  de- 
termine, in  fomc  relpcft,  at  plea fu re,  the  formation  of  this  pellicle  and  precipitate,  by  cx- 
pofing  the  liquor  to  the  contact  of  oxygenc  gas,  or  by  pouring  into  it  the  oxygenated  mu- 
lialic  acid.  It  is  fufficient  even  to  bring  a  bottle  containing  the  oxygenated  muriatic  acid 
into  the  vicinity  of  the  infufion  of  tan.  A  pellicle  is  inflamly  formed,  refembling  a  flight 
gauze,  which  floats  and  fpreads  inftantly  over  the  whole  furface,  alTuming  in  a  regular 
crder  the  moft  beautiful  colours  of  the  iris,  and  at  laft  becomes  brownifh.  If  the  experi- 
menl  be  continued  for  a  few  minutes,  the  pellicle  thickens,  and  the  precipitate  begins  to 
Jail.  The  formation  of  this  precipitate,  and  the  properties  it  acquires,  depend,  Therefore, 
on  the  combination  of  oxygene,  which  operates  either  during  the  infufion  and  filtration  of 
the  lixivium,  or  after  its  having  been  drawn  off  clear  with  the  contact  of  atmofpheric  oxygene. 
Hence  are  fhewn  the  neccflity  and  advantage  of  ufing  tan  recently  prepared  »,  and  of  pre- 
ferving  the  tan  as  well  as  tlie  infuGons  defended  from  the  conta<fl  of  the  air. 

Thefe  phenomena  are  common  to  all  the  preparations  of  vegetables  made  by  means  of 
water,  whether  by  infufion,  deco£lion,  or  even  difttUation.  We  have  feen  thefe  precipi- 
tates gradually  formed  in  the  infufion  or  decof^ion  of  nut-gall,  fumac,  gentian,  quinquina, 
and  even  of  the  moft  infipid  as  well  as  of  the  moft  aromatic  and  acrid  plants.  The  ex- 
prcfled  juice  of  frelh  plants,  fuch  as  hemlock,  forrel,  anil,  &c.  prcfcnts  the  fame  phenomena, 
and  aflbrds,  more  particularly  when  the  adlion  of  .lir  is  promoted  by  agitation,  a  coloured 
pulverulent  dcpoGtion  which  has  long  been  didinguilhed  by  the  name  of  fegula.  Laftly, 
all  the  diftilled  waters  which  are  kept  for  feveral  years  become  turbid,  by  tlie  formation  of 
filaments  and  whitilh  flocks,  more  or  Icfs  abundant,  but  always  infoluble.  It  is  to  a  com- 
bination of  oxygene,  as  Fourcroy  in  his  excellent  analyfis  of  quinquina  has  Hiewn,  that  we 
ought  to  attribute  the  formation  of  thefe  precipitates,  the  infolublliiy  they  acquire,  and  tlicir 
approach  to  the  nature  of  the  ligneous  fibre. 

Neverthelefs,  the  fpontaneous  precipitation  which  is  elTcfled  by  the  contafl  of  atmofpheric 
oxygene  in  the  Kxivium  of  tan  does  not  change  its  properties,  at  leaft  in  any  fcnfible  mannerj 
and  as  in  a  lixivium  confiderably  faturated  the  precipitate  is  niofl  abundant  on  the  Grft 
days,  it  might  perhaps  be  of  advantage  to  wait  uiiiil  this  firft  precipitate  was  formed  before 

""  Thef;  obfecvuioriE  are  applicjble  (o  all  vegetable  fubiUiiees  rvhich  are  reduced  to  pawder.  They  not  only 
Wc  their  peculiar  aroma,  but  likewifc  change  iheir  nirure  by  the  eontait  »f  light  and  simorpherie  acr.  Their 
IpropertiM  being  thu»  confiderablr  altered,  ttie  dofe  at  which  it  ii  proper  m  cinplovihon  bccomei  uncertain. 
The  fhyftciiin  ought IM  therefore  toprrfcnbe  inhitfbnnatzanypowderstiut  Ajdi  ai  are  recently  prepared.  C. 
•  Hat  immcrfing 
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immeriihg  the  flcins. '  For  this  fubftance,  when  dqKifited^  aCtacVel  itfdf  to  .thfe  finrfa(fe  of 
the  ikins,  where  it  fonns  a  coating  more  or  Iefii;thick»  which  MXi  thaUf  cIofe»  their  poxea^ 
and  retards  in  a  fmall  degree  the  dircft  a£lion  of  the  tan.  -j; 

2.  The  lixivium  of  tan,  particularly  when  highly  concentrated,  and  prepared  in  hot  we»» 
dier,  acquires  after  a  few  days  a  Tinous  fmell^  which  foems  to  announce  a  commencemcnti 
ef  fermentation,  and  might  lead  to  an  apprehenGon  that  its  progrefs  might  impah:  the  taniufig^ 
ftoperties.  In  order  to  afcertain  how  far  theiie  notions  might  be  well  founded,  difierent 
vegetable  acids  were  mixed  with  the  tanning  lixivium,  but  none  of  them  fenfibly  altered  Its^ 
properties.  And  ftill  more  we  may  add,  that  for  near  two  years  a  bottle  of  the  infufion  of 
tan  has  been  kept  in  the  laboratory,  and,  in  fpite  of  the  alterations  of  temperature  .to- 
which  it  has  been  expofed,  and  the  change  ncceflarily  produced  by  the  contaA  of  air,  ita. 
properties  appear  the  fame,  and  it  is  ftill  daily  ufed  with  advantage  as  a  re-agent  to  afcer* 
tain  the  prcfcnce  of  gelatin. 

-  As  a  knowledge  of  the  properties  of  tan  affords  obfervations  of  importance,  which  confti«. 
tute  the  bafis  of  Seguin*s  method,  we  have  not  been  apprehenfive  of  dwelling  too  long  oit 
the  fubjefl ;  but  we  (hali  confine  our  remarks  on  the  ftruflure  and  chemical  compofitioik 
of  the  ikin  to  a  few  general  confiderations. 

This  membrane,  as  is  (hewn  by  anatomifts,  is  eflentially  formed  of  a  great  number  of 
laminx  or  fibres,  which  are  white,  broad,  fhort,  and  clofely  adherent,  but  interwoven,  anct 
difpofed  in  difierent  dire£lions,  fo  as  to  leave  between  them  an  infinity  of  fmall '  fpaces  or 
pores.  From  this  conftruftion  it  exhibits  a  denfe  but  foft  fpongy  texture;  arid  is'  fufceptlble 
of  extenGon  and  contra£tion.  In  the  midft  of  this  fubftance  are  found  a  great  number  of 
nerves  and  veflels  of  different  kinds,  the  very  fine  and  multiplied  ramifications  ofwhich  ferve 
to  fupport  and  maintain  the  bmellated  ftrudure  of  the  ficin,  and  convey  into  the  vacuities 
between  the  fibres  thofe  fluids  which  ferve  for  the  fupport  and  nutrition  of  this  n^mbrane. 
The  external  part  is  the  epidermis.  This  thin  tranfparent  membrane  is  of  a  very  different 
texture.  It  contains  neither  the  apparatus  of  veffels,  nor  the  difpoGtion  of  fibres  or  laminae^ 
which  by  their  interfeflion  form  a  kind  of  fpongy  net-work.  It  is  in  fome  meafure  a  fimple^ 
uniform  covering,  which  prefents  no  diftind  organization,  but  adheres  ftroiigly  to  the  ftin,: 
entering  into  its  folds  and  numerous  porofities.  Laftly,  the  hairs  are  imptented  in  the  flciit 
by  a  fort  of  bulb  or  oval  root,  interfperfed  with  fmall  veflels  filled  with  a  kind  of  mucus. 

The  compoGtion  of  the  Ikin,  the  changes  it  undergoes  by  different  preparations,  by  chemicat 
agents,  and  the  properties  it  acquires  in  thefe  feveral  ftates,  prefcnt  other  conGderations. 

If  the  frelh  flcin  of  an  adult  animal  be  macerated  for  fome  hours  in  water  at  the  tem*.- 
perature  of  the  atmofphere,  and  if,  to  accelerate  the  efle£l,  agitation  and  preffure  be  ufed, » 
reparation  is  made  of  the  blood,  the  juices,  and  the  different  foluble  fubftances  contained' 
in  the  veffels  or  vacuities ;  and  by  examining  the  nature  of  the  matter  thus  extra£ted,  it  is 
found  that  a  fmall  portion  only  confifts  of  gelatin,  which  has  little  conGftence  or  tenacity* 
Subfequent  macerations,  at  the  fame  temperature,  afford  no  more  gelatin>  the  fibrous  texture 
remains  infoluble,  and  undergoes  no  further  lofs.  It  therefore  appear^,  that  in  the  natural 
ftate  the  fkin  contains  but  a  fmall  portion  of  gelatin  perfedly  formed,  and  foluble.  It 
may  even  be  apprehended,  that  the.  fmall  quantity  obtained  by  the  firft  maceration  was. 
merely  included  in  the  pores  of  the  fltin  adherent  to  the  furface  of  the  fibres  \  and. 
that  the  vital  force  had  not  yet  time  to  aflimilate  and  convert  it  to  the  ftate  of  fibre. 
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But  if  the  temperature  be  raifed  to  ebullition  the  fibrous  texture  is  altered,  beccimes  foft, 
and  fucceffively  difiblves.  It  affiimes  the  chara£ker  of  gelatin,  and  may  be  entirely  converted 
into  a  vifcid  and  tenacious  glue.  The  fibre  which  forms  the  folid  ftru£lure  of  the  (kin  does 
not  therefore  eflentially  diifer  from  gelatin,  but  in  its  texture,  its  concretion,  and  its  infolu^ 
bility  in  cold  water ;  and  as  it  is  obfenred  that  fubftances  capable  of  abforbmg  oxygene  de^ 
prive  the  fibrous  matter  of  its  folidity,  and  haften  and  determine  its  converfion  into  gelatin, 
we  are  authorifed  to  conclude  that  thefe  diftindl  qualities  of  the  fibre  depend  only  upon  a 
proportion  of  oxygene  which  the  vital  aAion  and  progrefs  of  life  combine  with  the  gelatin. 
Multiplied  experiments  appear  to  leave  no  doubt  on  this  point.  '^  They  have  proved  to  me 
(fays  Seguin)  that  the  fibre  is  oxygenated' glue,  which  in  that  (late  cannot  combine  with  the 
tanning  principle,%ut  which  acquires  that  property  by  palling  to  the  ftate  of  gelatin  in  con* 
fequence  of  the  lofs  of  a  portion  of  oxygene/* 

The  eflential  point  in  the  operation  of  tanning  is  therefore  to  afcertain,  and  to  dired  in  a 
precife  and  invariable  manner,  the  cirpumftances  and  conditions  which  determine  the  tran*- 
fition  of  fibre  to  the  ftate  of  gelatin,  and  to  feize  the  inftant  in  the  procefs  to  efied  a  pro- 
per combination  with  the  tanning  principle*  This  objefb  is  too  important  not  to  recall  fomc 
of  the  obfervations  made  by  Seguin. 

Glue,  as  has  before  been  remarked,  pofTefles  a  great  attraction  for  the  tanning  principle. 
It  immediately  forms  with  this  fubftance  an  infoluble  matter,  which  is  not  fubjeA  to  putre- 
fa£lion ;  but  tt  muft  be  well  remarked  that  the  precipitate  is  dry  and  brittle. 

Hence  it  is  evident  that  a  (kin,  the  pores  of  which  might  contain  gelatin  ready  formed,  or 
of  which  the  fibrous  texture  ihould  have  been  altered  and  converted  by.  certain  preparations 
to  the  gelatinous  ftate,  would  tan  very  fpeedily,  but  would  afibrd  a  kind  of  leather  whith 
would  be  harfli,  brittle,  and  difpofed  to  crack  or  peel  in  the  wear.  On  the  contrary,  the 
operation  will  be  long,  incomplete,  and  will  afford  only  a  foft,  fpongy,  and  putrefcible  leather, 
if  the  fibre  preferves  its  ftate  of  oxygenation,  if  it  do  not  pafs  by  fucceffive  degrees  into  the 
ftate  of  gelatin,  or  if  the  tanning  principle  do  not  penetrate  its  thicknefs  in  proportion  to  the 
converfion  of  the  fibre  into  glue. 

Thefe  inconveniences  are  avoided,  and  the  propofed  obje£t  is  obtained  with  precifion,  by 
the  ufe  oi  the  lixivium  of  tan.     This  fluid  has  been  ihewn  to  contain  two  very  dificrent 
principles,  of  which  the  union  and  a£lion  are  alike  neceflary  for  the  fuccefs  of  the  operation. 
On  the  one  fide  the  gallic  principle,  which,  as  is  known,  readily  feizes  the  oxygene  of  me- 
tallic folutions,  and  reduces  them  or  brings  them  nearer  to  the  metallic  ftate,  ads  nearly  in 
the  fame  manner  upon  the  fibre  \  it  unburns  it,  or  deprives  it  of  oxygene,  and  converts  it  into 
the  ftate  of  gelatin.     On  the  other  hand,  the  tanning  principle,  which  alfo  exifts  in  the  fo- 
lution,  exercifes  its  a£lion  as  foon  as  the  fibre  is  fofficiently  reduced  to  the  ftate  of  gelatin. 
The  tanning  procefs  is  not,  therefore,  iuft^^ntly  efie£led,  like  the  precipitation  of  animal  glue; 
but  it  operates  gradually,  and  in  fucceflion,  by  ftrata  from  the  furfaces  of  the  (kin  to  the 
centre ;  and  as  the  a£lion  of  the  tanning  principle  immediately  follows-  that  of  the  gallic 
acid,  the  fibre  is  furprifed  in  its  pofition,  the  felted  texture  of  the  fkin  is.  totally  pveferved, 
and  its  conipoGtion  alone  is  changed   Accordingly,  the  leather  prepared  by  this  procefs  !in€ 
the  advantage  of  being  fupple,  flexible,  infoluble,  imputtefcible,  more  durable,  andk&  dif<^ 
pofed  than  any  other  to  imbibe  humidity. 

The  new  method  of  Seguin  for  the  preparation  ofleathes  is  founded  upon  tbis^fcrics  of 
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obfenrations  and  experiments.  We  (hall  not  in  this  place  enter  into  the  detail  of  die  dunget 
and  improYements  he  has  made  in  the  different  branches  of  the  tanning  art  $  bat  we  maft  addf 
that  the  procefles  hare  been  repeated  in  all  the  laboratories  of  the  Polytechnic  School^  by . 
thegreateft  number  of  the  pupils;  that  the  operations  on  diflFereht  kinds  of  fluns  were 
all  concluded  in  eight,  teh^  twelve,  or  foarteen  days  at  moft )  that  the  leather  thos  mana* 
(a^red  was  completely  faturated  with  tan,  and  of  a  quality  fupcrior  to  the  leather  prepared 
by  the  old  method  which  is  to  be  met  with  in  the  market;  andlaftly»  that  to  thcfe  advantages 
the  method  of  Seguin  unites  fimpKcity,  facility,  and  certainty  of  fuccefs.  A  difcovery  of 
this  importance,  in  an  art  fo  ftecefTary  to  our  wants,  entitles  the  author  to  the  efteem  and 
gratitude  of  the  public ;  and  thefe  fentiments  are  more  efpecially  due  to  the  dtisen  who 
facrifices  his  individual  intereft  to  the  general  profperity,  and  is  defirous  of  communicating 
the  fruits  of  his  refearches.  The  advantage  of  public  utility  conftitutes  his  recompenfe, 
and  enables  him  to  difregard  the  clamours  which  envy,  ignorance,  and  the  prejudice  of 
old  habits  never  fail  to  raife  againft  every  ufefiil  innovation. 

,  After  the  two  fittings  employed  by  Citiaen  Seguin  to  explain  the  nature  and  properties  of 
tan,  the  order  adopted  in  the  courfe  of  vegetable  chemiftry  was  refumed  in  the  fchooL  The 
alkalis,  the  ligneous  part,  and  the  colouring  matter  were  fucceffively  examined ;  the  laft  of 
which  naturally  led  to  an  explanation  of  the  principles  of  the  art  of  dyeing,  the  different 
procefles  for  fixing  colours,  and  afcertaining  their  qualities.  In  treating  of  thefe  different 
objefks,  fome  confiderations  were  prefented  refpeding  the  new  properties  which  ftufli  ac- 
quire by  tin£torial  procefles. 

The  procefs  of  dyeing  ought  not  to  aflbrd  Amply  a  colour  to  pleafe  the  eye,  but  (hooU 
ttkSt  a  kind  of  colouring  unnage  capable  of  adding  to  the  properties  of  the  web,  and  to 
render  it  left  folable  or  putrefcent.  This  objeA  is  generally  negleded  or  little  known,  but 
it  cannot  be  indiflisrent.  It  is  n^  only  of  importance  with  regard  to  economy,  but  we  do 
not  hefitate  to  fay,  equally  fo  for  the  prefervation  of  health.  This  may  eafily  be  conceived 
if  attention  be  paid  to  the  cnrcjimftanccs,  that  cloths  of  the  fame  kind  and  fabric  differ  con* 
fideribly  according  to  the  dye ;  that  fome  are  dry,  brittle,  of  little  durability^  not  adapted  to 
pteferve  or  retain  caloric ;  others  are  foft,  fpongy,  capable  of  retaining  damps  and  exhala« 
tions  of  every  kind^  and  by  the  fucceffive  »£lion  of  light,  air,  and  caloric,  may  either  un- 
dergo a  ibrt  of  oxidarion  diat  deftroys  their  texture,  or  elfe  pafs  to  a  kind  of  putrefadion, 
which  forms  a  continual  atmofphere  round  the  body,  and  more  or  kfs  affeds  the  health. 
It  is  ih  the  midft  of  armies  utider  tents,  in  camps,  where  a  great  number  of  men  are  ex* 
pofed  to  the  fame  kinds  of  fst^gue  and  intemperance,  and  differ  only  in  the  colour  of  their 
clothing,  that  we  may  afcertain  the  trudi  of  thefe  obfervations.  It  is  in  the  magazines  of 
the  military  h&fpitals,  where  the  clothing  of  men  is  depoGted,  that  a  very  marked  difference 
in  the  fmeli  and  porofity  of  the  ftuffs  is  obfeived,  according  to  the  colour  with  which  they 
aire  charged. 

After  a  fucceffive  examination  of  the  different  produAs  of  vegetables,  the  attendoa  of  the 
fehool  was  dire£led  to  the  alterations  they  undergo  after  death,  by  the  action  of  light, 
caloric,  air  and  water.  Thefe  fubje£ls  ^ed.  to  the  theory  of  the  vinous  and  acetous  fer- 
mentations, and  the  production  of  alcohol  and  ether;  and  laftly,  the  courfe  was  terminated 
.by  an  examination  of  the  phenomena  of  putrefadion,  which  reftores  to  the  atmofphere  and 
to  the  earth  tbofe  principles  which  the  adson  Of  vitality  had  before  extra  Aed. 

During 
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During  the  concluding  months  of  this  couTfe,  the  pnpiU  continued  to  operate  in  the  par- 
ticular laboratories  appointed  for  their  ufe,  cither  in  repeating  the  principal  experiments 
which  had  been  exhibited  in  the  leflures,  or  in  making  others  which  had  been  pointed  out 
or  imagined  by  themfclves.  Their  attention  wag  principally  dircQed  to  the  application  of 
chemical  knowledge  to  the  progrefs  of  arts  and  manufactures.  With  this  view  they  fuc- 
cedively  prepared  different  kinds  of  foap,  Tarniflies,  and  pigments,  and  they  executed  in 
fmail  the  different  procclTes  of  dyeing,  tanning,  &c.  Some  of  the  pupils  attended  particu- 
larly to  the  experimental  rcfearch  of  fubflanccs  proper  to  form  tlie  oxalic  acid  ;  otJicrs  en- 
gaged in  the  experimental  enquiry  after  thofc  vegetables  which  contain  the  tanning  principle, 
and  might  be  ufed  as  a  fubllituie  for  03k  bark.  From  ihefe  refearches  a  table  has  been 
formed,  which  is  already  very  ample,  wherein  thofc  vegetables  which  aftbrd  a  precipitate 
with  the  fulphate  of  iron  alone,  are  didinguifhcd  from  thofc  which  afford  a  dcpolition  with 
the  folution  of  glue.  This  table  Is  already  very  intcrcrtingi  but  it  may  cafily  be  imagined 
that  it  Hill  prefcnls  racuities  to  be  filled  up  by  time  and  eitperiments,  Tliis  will  form  the 
obju£t  of  the  work  of  another  year;  and  when  it  {ball  be  £mlhed>we  fliall  haften  to  prefent 
the  labours  of  the  pupils  of  the  fchool. 
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JjEING  defirons  of  afcertaining  the  caafe  of  this  fmgular  inflarjimation  in  wr  fo  rarefied, 
I  put,  on  another  day,  a  fmall  {lick  of  phofphorus,  wrapped  in  the  fame  manner  in  cotton 
powdered  with  refin,  under  a  receiver  containing  about  four  hundred  cubic  inches,  on  the 
plate  of  the  air  pump,  in  order  to  obfcrve  the  phenomenon  with  accuracy  a  fecond  time. 
The  temperature  of  the  place  where  1  made  the  experiment  was  nearly  the  fame  as  on  the 
former  occalion,  namely  56  degrees  of  Fahrenheit's  fcale.  To  obferve  the  degree  of 
rarcfa£tion  more  eaHly,  I  placed  a  fliort  barometer  gauge  under  the  receiver.  When  the 
air  was  rarefied  fo  that  the  mercury  was  fupported  in  the  gauge  to  the  height  of  about  as 
inch,  the  light  began  to  be  enlarged  on  the  furfacc  of  the  phofphoms,  chiefly  at  the  upper 
patt""of  the  fmall  cylinder.  This  light  increafed  by  degrees  during  the  fubfcquent  ex- 
liaudion,  and  the  inflammation  took  place  when  the  mercury  llood  at  the  deration  of  ;  Knes. 

The  flame  was  much  paler  and  weaker  than  is  afforded  by  phofpborus  when  burned  in  an 
atmofphere  of  the  ufual  denfity.  1  obfervcd  the  flame  to  become  weaker  2nd  weaker,  and 
about  two  mintites  afterwards  the  phofphoms  ceafed  to  exhibit  any  light. 

IV.  To  afcertain  whether  the  cotton  powdered  with  rcfin,  which  was  wrapped  round  the 
phofphoms,  might  be  the  caufe  which  gave  place  to  the  inflammation,  I  placed  under  the 
fame  receiver  two  fmall  (licks  of  phofphoms  of  the  fame  fizc,  one  of  which  only  was 
wrapped  in  the  powdered  cotton.  Thefe  two  fmall  pieces  began  to  fhine  at  the  fame  time» 
when  the  mercury  ftood  at  the  height  of  about  an  inch  in  the  fbort  barometer  gauge. 
Neverthelefs,  the  piece  which  was  furrounded  by  the  cotton  and  powdered  rc&n  alone  took 
6rc  when  the  rarefxflion  was  more  advanced. 

I  then 
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1  then  thought  there  was  fomc  reafon  to  fuppofc  that  the  rdin  might  be  the  caufc  of  the ' 
inflammation ;  and  to  determine  this  point,  I  put  under  the  fame  receiver  three  fimilar  fmafl 
Hicks  of  phofphorus,  one  of  them  fimply  powdered  with  refin,  another  wrapped  in  cottoft 
without  refin,  and  the  third  wrapped  in  cotton  powdered  with  refin,  in  the  fame  manner  at 
In  the  former  experiments.  The  light  began  to  increafe  at  the  fame  time  in  all  three, 
namely,  as  foon  as  the  mercury  had  fallen  to  about  one  inch  in  the  barometer*  The  phof- 
phorus wrapped  in  cotton  powdered  with  refin  took  fire  firft ;  a  Ihort  time  afterwards  that 
which  was  wrapped  fimply  in  cotton  took  fire ;  and  that  alone  which  was  fimply  powdered 
with  refin  did  not  take  fire  at  all. 

V.  After  thefe  refults,  the  quellion  was,  to  know  in  what  manner  the  cotton  could  cmufe 
inflammation  in  air  fo  rarefied,  in  which  every  other  combuftible,  though  fet  on  fire,  would 
ceafe  to  burn ;  and  dill  farther,  how  phofphorus  could  fpontaneoufly  take  fire  when  the 
experiment  was  made  in  an  atmofphere  where  the  temperature  does  not  exceed  56  or  58 
degrees  of  Fahrenheit,  though  the  phofphorus  does  not  take  fire  in  the  open  air  unlefs 
heated  .to  about  112  degrees  of  Fahrenheit*  After  fome  rcfledlions  and  experiments^ 
I  found  that  this  fingular  phenomenon  could  be  very  eafily  explained  according  to 
the  principles  of  the  modem  chemiftry.  The  increafe  of  the  light  which  precedes  the  in- 
flammatton  when  the  air  is  rarefied  to  a  certain  degree,  fuggefied  to  me  this  explanation* 
I  fliall  therefore,  in  the  firfl:  place,  explain  the  evident  caufe  of  the  increafe  of  light  in  the 
pliofphorus  in  tlie  rarefied  air. 

VI.  Exhalations  continually  rife  from  the  furface  of  phofphorus  when  expofed  to  the  at« 
mofphere,  as  is  proved  by  its  fpeedy  diflipation  in  that  circumfliance :  but  as  foon  as  the  air 
is  rarefied  to  a  certain  degree,  the  exhalations  cannot  rife  ;  for  thefe  particles  will  not  be 
elevated  but  during  the  time  that  the  furrounding  air  is  heavier  than  themfelves.  When* 
ever,  therefore,  the  air  is  rarefied  to  this  degree,  the  exhalations  muft  remain,  and  furround 
the  phofphorus  from  which  they  came.  The  union  of  oxygene  with  thefe  phofphoric  ex- 
halations muft  be  then  made  only  in  the  vicinity  of  the  phofphorus,  whence  the  light  from 
the  difengaged  caloric  muft  be  feen  there  only.  It  is  evident  that  this  light  will  be  much 
ilronger  when  the  phofphoric  exhalations  do  not  rife,  becaufe  the  difengagement  of  the  fame 
<iuantity  of  caloric  is  then  made  in  a  more  confined  fpace  than  when  the  phofphoric  exhale- 
tions  could  rife  and  be  difperfed  in  the  receiver. 

VII.  The  caloric  which  is  djfengaged  from  the  oxygene,  and  is  feen  in  the  rarefied  air 
'found  the  phofphorus  in  the  form  of  a  ftronger  light  than  ordinary,  muft,  alfo,  on  ao«- 
count  of  its  greater  denfity,  give  heat  to  the  phofphorus.  Hence  may  be  clearly  feen  the 
reafon  of  the  combuftion  of  phofphorus  on  rarefying  the  air  when  it  is  furrounded  with 
cotton^  as  before  defcribcd.  Woollen  and  cotton  ftuffs  have  the  property  of  preventing  the 
difperfion  of  caloric  *.  The  caloric  which  is  difengaged  round  the  phofphorus  in  the  rare* 
iied  air  is  thus  retained  by  the  cotton,  until  its  accumulation  on  the  furface  of  the  phof- 
phorus becomes  at  length  fufficient  to  fet  it  on  fire.  When  a  piece  of  phofphorus  is  not 
enveloped  in  cotton  or  fome  fimilar  fubftance,  it  does  not  take  fire  in  the  rarefied  air,  becaufe 
the  caloric  which  is  difengaged  near  the  phofphorus  is  fo  fpeedily  difperfed  when  it  is  noft 
arrefted  by  the  cotton,  that  the  phofphorus  cannot  acquire  the  degree  of  inflanunation  ne- 
cefiary  to  inflame  it« 

♦  Bccaufi:  they  impede  the  circulation  of  the  air,  by  which  the  licat  would  clfc  be  conduced  off.    N. 
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Vin.  Though  this  explanation  appeared  to  me  to  be  very  evidently  founded  upon  the 
knowledge  we  already  pofleffi,  I  was  nevenhclcfs  dcfirous  of  flicwing  the  truth  by  a  direft 
expctinient.  I  endeavoured  to  afccnain,  by  means  of  a  tliermomcter,  that  the  temperature 
near  the  furface  of  the  phorphorus  which  is  wrapped  in  cotton,  is  more  elevated  before  the 
inflammation,  when  the  light  is  perceptibly  ftronger.  For  this  purpofe,  I  ufcd  a  thermo- 
meter, the  bulb  of  which  was  abeui  one  quarter  of  an  inch  in  diameter.  I  faftcned  the 
cotton  with  which  the  fmall  ftick  of  phofphorus  was  fuiToundcd,  as  in  the  preceding  ex- 
periments, to  the  ball  of  this  thermometer,  fo  that  it  was  cnthely  furrounded  with  it,  at  the 
fame  time  tliat  its  dillance  from  the  furface  of  the  phofphorus  was  about  half  a  line.  The 
tefult  of  this  experiment  anfwered  my  eipeflalions.  I  obferved  that  the  mercury  rofe,  after 
ihelighthadincreafed.aiid  that  from  52  degrees,  which  was  the  original  temperature,  it  had 
rifcn  to  67  of  Fahicnhcit  before  the  phofphorus  had  taken  fire. 

The  fize  of  the  ball  of  this  thermometer  appeared  to  me  to  be  the  caufe  why  the  mercury 
did  not  rifo  higher  before  inflammation.  I  had  alfo  admitted  fome  diftance  between  the  bulb 
.  and  the  phofphorus,  in  order  that  its  contaft  might  not  prevent  the  phofphorus  from  acquir- 
ing the  requifite  degree  of  heat  which  is  nccelTary  for  its  inflammation.  I  therefore  rcfolved 
to  repeat  the  experiment  with  a  thermometer  of  the  fame  kiud  as  was  ufed  by  Dr.  Hunter 
in  hisobftrvations  on  the  heat  of  animals  and  plants,  the  ball  of  which  was  not  more  than  one 
line  in  diameter.  I  faCtened  cotton  to  this  in  the  fame  manner,  which  was  attached  to  a  fmall 
ftick  of  phofphorus  i  but  the  ball  of  the  tliermomcter  Was  placed  in  conia£t  with  one  Of  the 
ends  of  the  ftick  of  phofphorus,  which  was  half  a  hne  in  diameter,  and  four  lines  in  length. 
I  then  faw  that  while  the  light  round  the  phofphorus  became  ftronger  and  ftronger,  the' ther- 
mometer rofe  from  46  to  76  degrees  before  the  phofphorus  took  (ire.  The  fudden  heat 
broke  the  ball  of  the  thermometer ;  which  prevented  my  ufing  (imilar  thermometers  in  the 
repetition  of  this  ctpcriment. 

Though  this  tlicrmometer  did  not  mark  the  degree  of  heat  which  was  neccflary  to  fct  fire 
to  phofphorus  in  the  open  air,  it  is  feen,  neverthelefs,  from  the  experiment,  that  the  tem- 
perature rifes  very  conHderably  at  the  fuiface  of  the  phofphorus  before  it  takes  fire.  The 
ball  of  the  thermometer  which  I  ufed  for  this  experiment  had  its  glafs  extraordinarily  thick  at 
bottom,  which  was  probably  one  of  the  reafons  why  the  thermometer  did  nal  inUica 
higher  temperature  before  the  Inllammation,  as  there  is  no  reafon  to  fuppofe  that  phofphorus 
will  take  fire  in  rarefied  air  at  a  lefs  temperature  than  in  the  atmofphere  *. 

IX.  Laflly,  1  examined  whether  the  air  could  be  rarefied  to  fuch  a  decree  that  phofphorus 
fhould  be  incapable  of  taking  fire  in  it.  I  faw  it  take  fire  in  air  fo  rarefied  that  the  mercury 
in  the  gauge  ilood  at  the  height  of  one  fingle  line  otily.  The  phenomenon  here  dcfcribed 
is  hitherto,  as  far  as  I  know,  the  only  ciample  of  a  true  inflatrmaiion  in  air  rarefied  to  the 
highcft  podiblc  degree  by  the  air  pump.  This  fa£t,  however,  docs  in  no  rel^efl  pro*^^!^ 
a  true  inflammation  can  take  place  in  vacuo. 

VSien  the  mercury  in  the  gauge  pU^d  beneath  the  receiver  ftands  at  the  height-  of , one 

*  Ai  the  foliditj'  of  cbe  ball  of  the  tlxermi 
than  three  ifjjncn,  ii  OiouM  Tcciii  ibat,  ai  ihc.liciit 
the  ihermumttcr  could  not  be  cipeftcd 
liuigit  iimc.     N. 
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about  half  a  cuUic  line,  and  die  jihorpliorui  Utile  more 
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liney  which  indicates  the.  utmoil  degree  of  rarefadion  of  the  air  which  I  hate  ever  oUerved 
to  take  place»  the  rarefied  air  (lill  pofiefles  i- 300th  of  the  deaCty  of  the  air  of  the  atmo- 
fphere>  in  cafe  the  mercury  in  the. barometer  be  fuppofed  at  30  inches  elevation. 

It  is  certainly  very  fingular,  that  the  fmall  quantity  of  oxygene  gas  which  remains  in  air 
fo  rarefied  fhould  be  fufficient  for  the  inflammation  of  phofphorus ;  more  tfpecially  as  alt 
other  combudible  fubftances  are  extinguifhed  in  air  rarefied  to  a  much  lower  decree.  I 
have  already  explained  the  principal  reafon.  There  is  another  circumftance  which  pr&bably 
favours  this  inflammation,  of  which  I  ihall  fpeak  hereafter^  when  I  {hall  have  made  fome 
experiments. 

X  The  phenomenon  exhibited  by  the  phofphorus  in  rarefied  air,  as  here  defcribed^  Is 
certainly  a  real  combuftion,  as  is  proved  by  the  very  remarkable  diminution  of  weight  of  the 
phofphorus  after  the  experiment  has  been  made  in  a  large  receiver,  or  has  been  feveral 
times  repeated*  The  phofphoric  acid  produced  by  the  combination  of  oxygene  with  the 
fubftance  burned  is  alfo  found  on  the  plate  of  the  air  pump. 

XL  The  combuftion  of  phofphorus  in  air  highly  rarefied  is  accompanied  with  feveral  ver]^ 
fingular  phenomena,  which  I  (hall  here  mention. 

1.  The  phofphorus  ufually  emits,  a  (hort  time  after  the  commencement  of  the  inflamma« 
tion,  fiery  jets,  in  the  form  of  fmall  ignited  balls,  which  are  difperfed  on  all  fides  in  the 
receiver,  and. exhibit  a  very  curious  and  furprifing  appearance.  I  have  not  hitherto  beeti 
able  to  explain  this  phenomenon. 

2.  The  flame  which  furrounds  the  phofphorus  when  it  burns  in  the  rafbfied  air^  extendii 
farther  and  farther  in  t^  globular  form.  Its  light  at  the  fame  time  becomes  paler  and  paler^ 
and  at  length  difappears.  This  enlargement  of  the  flame,  and  diminution  of  the  light,  are 
probably  to  be  attributed  to  the  oxygene,  to  which  the  phofphoric  exhalations  may  unite^ 
being  gradually  exhaufted.  The  light  at  laft  entirely  difappears,  when  all  the  oxygene  gas 
which  exifted  in  the  rarefied  air,  and  could  be  reached  by  the  phofphoric  exhalations,  is 
combined  with  them;  for,  as  foon  as  there  is  no  more  oxygene  to  which  the  phofphoric 
exhalations  may  unite,  there  ceafes  to  be  any  further  feparation  of  caloric^  which  caufes 
the  flame  and  the  illumination. 

3.  When  a  fmall  quantity  of  atmofpheric  air  or  oxygene  gas  is  fufFered  to  enter  the 
upper  part  of  the  receiver  by  a  cock  after  the  combuftion  or  light  of  the  phofphorus  has 
difappeared,  a  pale  light  is  then  feen  to  difperfe  itfelf  through  the  whole  capacity  of  the  re- 
ceiver. This  light  muft  certainly  be  attributed  to  the  combination  of  the  oxygene^  of  the 
gas  which  has  entered,  with  the  phofphoric  exhalations  vvhich  exift  in  the  receiver.  The 
exhalations  which  the  phofphorus  emits  after  it  has  been  heated  by  the  inflammatfon,  are 
apparently  more  fubtle  and  Tight  than  thofe  which  preceded  that  phenomenon ;  and  it  is 
probably  owing  to  this  reafon  that  they  can  fupport  themfelves  in  the  gas  which  remained  in. 
the  receiver,  though  very  highly  rarefied. 

4.  When  the  apparatus  is  left  untouched  for  fome  tinie  after  the  combuftion  of  the  pho£- 
phorvis  in  the  rarefied  air  has  c'eafed,  and  the  whol^  has  become  Cooled,  then  the  phofphoric 
exhalations  defcend  in  this  rarefied  air.  In  proof  of  this,  wh^  the  experiment  is  made  in 
a  receiver,  on  the  plate  of  the  air  pump,  and  air  is  fufl^ered  to  enter  by  a  cock  beneath  the 
plate,  as  ufual,  it  is  then  feen  that  the  light  occafioned  by  the  entrance  of  the  air  takes  place 
only  near  the  plate  upon  which  the  phofphoric  exhalations  have  fallen. 


"XII.  When  the  atmofpheHc  air  or  pxygene  gas  eaters  the  receiver  by  a  coek  from  above, 
^  litde  before  or  the  inftant  after  the  light  of  the  combuftion  has  difappcared,  and  when 
care  is  taken  to  admit  no  more  air  or  gas  than  (hall  be  fufficient  to  raife  the  gauge  one  or 
two  lines,  the  phofphorus  ufually  takes  fire  a  fecond  time.  In  this  manner  the  phenomenon 
may  be  made  to  appear  repeatedly ;  and  accordingly  as  a  greater  or  lefs  quantity  of  air  is 
fufiered  to  enter,  the  circumdances  are  found  to  vary  in  a  very  remarkable  manner.  This 
communication  would  be  too  long  if  I  were  to  attempt  to  defcribe  the  variety  of  appear* 
ances  which  I  have  obferved  in  thcfe  experiments.  They  are  not  entirely  the  fame,  in  cir- 
cumdances which  appear  perfeAly  (imilar.  I  have  obferved  that  pieces  of  phofphorus 
obtained  by  different  operations  have  exhibited  different  phenomena*  The  fiery  globules 
emitted  by  the  burning  phofphorus  are  in  fome  cafes  larger  and  more  numerous  than  in 
others. 
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MATHEMATICAL  and  PHILOSOPHICAL  CORRESPONDENCE. 

QUESTION  V.     Anfw^red  by  the  PROPOSER. 


rET  X  denote  the  weight  of  the  fijt,  and  /  its  fpecific  gravity ;  w  the  weight  of  the 
botde  of  diitiUed  water,  and  W  that  of  the  folution ;  the  magnitude^  or  content,  of  the 
bottle,  and  the  fpecific  gravity  of  the  water,  being  each  conGdered  as  x* 

Then,  fince  the  magnitudes  of  bodies  of  the  fame  kind  are  as  their  weights,  nv :  W— x : : 

W— .* 

1  : =  magnitude  of  the  aqueous  part  of  the  folution :  a]\d|  becaufe  the  magnitudes 


w 


of  bodies  of  different  kinds  are  as  their  weights  divided  by  their  fpecific  gravities,  — :  -^^ 

: :  I  : =r  magnitude  of  the  fait.    Whence h  -—  =  15  from  whicK  equation 

X  is    found  =  j^  (W  —  «/)  =  weight  of  the  fait.     And  fince  s  =  2.8,  W  =  aSio  giv 

^       ft  Q 

and  w  =  2506  gr.  by  the  queftion,  we  (hall  have  x  =  — r-^ —  (2810—2506)  =  —  x  701 

i«S"^*  1  ^     '         1,8      ^    •* 

=  472^  gr.  the  quantity  of  fait  required. 

And  if  the  cafe  be  revcrfed,  by  fuppbfing  x  tO  be  knpwn,  the  valuie  of  /  will  be  readily 
found  from  the  general  formula-,  by  ^hich  means  we  fliall  be  enabled  to  make  a  proper 
allowance  for  the  difference  in  the*  fpecific  gravity  of  the  fait,  arifing  from  chenfical  con- 
denfation,  as  was  done  in  the  propofing  of  the  queftion,  where  it  is  taken  as  2.8  inftcad 
of  2f ,  which  it  is  fuppofcd  to  be  in  its  feparate  ftatel  '    '"  "     ^  *^    '  •  '  ^     - 

•  ■-■•  r  ■••!-.  »•#:  -  « 

.     .        «  *.  -  ••— #.••*  j^«-  l**i*  . 

..   ■}     .1  I'll    'Mil     .1      .  ' ... 

Question  VI.    Arifwered  by  C.  W.  ^ 

r-  I 

'  I 

LET  m  l^  put  Spf  the  inf^mi  li^naperature  at  the  equator,  n  for  the  difference  betwc^t 

this  temperature  and  that  of  the  north  pole,  and  /  for  the  latitude  of  any  place,  radius 
being  1 5  then  the  mean  temperature  of  that  latitude  will  be  /»  —  «  X  fine  V.  For  the  heat 
x,i  O  o  2  produced 


,  •„  (ounl  =  55         (  (be  ?»'•  "    11  he  «» "■  S' 
I„„  -I"*  ;V  «l-"„f  ^«,  i»»'°«*""        . 

*°..°  Te»0  *'"      !  U  oH^  "  '  « 
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to  Mr.  NiCSOLSON. 
•  SIR,  London^  22d  Auguft  1 797. 

UPON  perufing  the  account  given  in  your  laft  number,  of  the  phenomenon  of  the 
Pata  Morgana,  and  upon  confulting  the  plate  annexed  by  way  of  explanation,  I  was  very 
much  puzzled  to  comprehend  how  the  fpedator^  "  placed  on  an  eminence  of  the  city,  with 
his  back  to  the  rifing  fun,  and  his  face  to  the  fea,**  looking  of  courfe  towards  the  weft,  could 
at  once  enjoy  the  fight  of  this  truly  admirable  phenomenon,  a  diftant  view  of  the  iveftern 
afped  of  the  city,  and  alfo  of  the  mountains  behind  him.  A  few  words  in  a  future  number^ 
in  explanation  of  this  ftrange  combination^  wUl  much  oblige. 

Sir, 

Your  conftant  reader, 
•    ■  DAVUS. 

♦^*  THE  difficulty  ftatcd  by  this  correfpondent,  together  with  feveral  others,  engaged  my 
attention  at  the  time  the  account  (p.  225)  was  drawn  up :  but  as  they  feemed  fcarcely  ca- 
pable of  being  cleared  up  by  reafoning,  while  the  theory  remained  fo  very  uncertain,  I 
thought  itbcft  to  avoid  entering  the  ample  field  of  conjeAure  which  offered  itfeif.  It  feems 
altogether  improbable,  that  the  rays  of  4ight  ihould  be  refieElid  immediately  back  to  the 
city,  and  every  part  of  the  drawing  dire£tly  contradi£ls  this  fuppofition.  I  am  therefore 
inclined  to  conclude  that  the  defcription,  though  literally  tranllated,  is  faulty,  fo  far  as  it 
contradids  the  notion  of  the  obferver  being  fo  placed  as  to  view  the  city  over  a  portion  of 
the  bay.  I  imagine  that  the  people,  when  they  run  haftily  to  the  fea  exclaiming  Morgana! 
do  not  run  to  the  ramparts  of  the  town,  but  to  the  fouthem  point  of  the  bay,  at  the  diftance 
of  half  a  mile  or  lefe  from  the  town  \  whence,  with  the  fun  *  behind  them,  they  may  have 
an  oblique  view  of  Reggio  ftrongly  illuminated,  and  a  more  dired  profpe£l  of  the  northern 
fliore  of  the  bay. 


NEW  PUBLICATIONS. 

An  Account  of  two  Cafes  of  the -Diabetes  Mellitus,  with  Q^marks  as  they  arofe  during  the 
Progrefs  of  the  Cure  \  to  which  are  added,  A  general  View  of  the  Nature  of  the  X)ifeafe, 
and  its  appropriate  Treatment ;  including  Obfervations  on  fome  Difeafes  depending  on 
Stomach  Affediion,  and  a  Detail  of  the  Coihmunications  received  on  the  SubjeA  fince 
the  Difperfion  of  the  Notes  on  the  'firft  Cafe.     By  John  RoUo,  M.  D.  Surgeon  General, 

Royal  Artillery. WitK  th^  Refujts  of  the  Trials  with  various  Acids  and  other  Sub- 

dances  in  the  Treatment  of  the  Lues  Venerea^  and  fome  Obfervations  on  the  Nature  of 
Sugar,  &c.  By  William  Cruickfl^nk,  Chemift  to  the  Ordnance,  &c.  in  two  Volumes 
OAiavo,  148.    Dilly. 


I 


N  this  treatife  Dr.  Rollo  has  conGdered  the  diabetes  mellitus  as  a  difeafe  of  the  organs 
of  digeftion,  and  not  of  the  kidneys  \  he  conceives  that  the  fugar  which  paffes  off  by  urine 

*  The  run*s  rays  can  never  make  an  angle  of  45^  on  the  fca  at  Reggio,  from  the  azimuth  of  the  image  in 
the  drawing. 
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18  formed  In  the  ftomadi,  and  depends  chieflj  upon  fome  vitiated,  but  increafed  a£iion  of 
this  organ.  '  He  was  led  to  take  this  view  of  the  difeafe  from  reflecting  on  the  {(ate  of  the 
ftomach  and  habits  of  life  which  preceded,  the  voracious  appetite  which  always  accdm- 
panies  it,  and  the  ftate  of  the  blood,  the  ferum  of  which,  although  not  fenfibly  fweet^  had 
not  the  ufual  fahifli  tafte. 

The  Doctor  fiippofes,  that  in  this  complaint  the  vegetable  matter  taken  inM>  the  ftomach 
has  not,  from  fome  defed  in  this  organ,  undergone  a  fufHcient  change  to  form  proper 
chyle ',  that  in  confequence  of  this  much  faccharine  matter  is  evolved,  which,  when  carried 
into  the  circulation,  proves  a  general  ftimulus,  producing  head-aches,  and  quicknefs  of  pulfe^ 
but  that  it  a£ts  more  remarkably  on  the  kidneys,  occafioning  a  conftant  and  c<^ous  fecre- 
tion  of  fwcet  urine.  From  this  hypotheGs,  he  was  naturally  led  to  adopt  a  plan  of  cure^ 
which  has  proved  completely  fuccefsful.  The  indications  he  lays  down  are :  i.  To  prevent 
the  formation  of  faccharine  matter  in  the  ftomach^  and,  2.  To  remove  the  morbidly  in- 
creafed aflion  of  this  organ,  and  reftore  it  to  a  healthful  condition.  Thefe  indications 
are  to  be  anfwered  by  a  complete  diet  of  animal  food,  and  by  the  ufe  of  fuch  medicines  as 
(hall  diminiOi  the  a£lion  of  the  ftomach,  and  at  the  fame  time  countera£^  the  formation  of 
faccharine  matter.  The  remedies  employed  for  this  purpofe  have  been  emetics,  kali  ful* 
phuratum,  lime-water,  hepatized  ammonia,^  and  vegetable  narcotics..  But  die  principal 
dependence  is  to  be  placed  on  a  total  abftinence  from  all  vegetable  matter,  which  alone 
can  fupply  the  faccharine  principle.  By  a  regular  perfcverance  in  this  plan,  the  firfl: 
patient  was  completely  cured  in  four  weeks,  although  the  difeafe  had  been  of  feven  months 
continuance.  The  urine,  which  at  the  commencement  of  the  treatment  was  fweet,  and 
amounted  to  24  pints  daily,  was  at  lad  reduced  to  i^  pint,  being  at  the  fame  time  free 
from  any  faccharine  impregnation. 

The  fecond  patient,  from  his  age  and  other  circumftances,  although  relieved  from  the 
diabetic  afFe£tion,  did  not  regain  his  wonted  ftate  of  health;  but  even  in  this  cafe,  die 
efie£ts  produced  by  the  treatment,  when  properly  attended  to,  were  moft  decidedly  in  «oa* 
firmation  of  this  plan  of  cure. 

The  Doftor  has  received  feveral  communications  in  confequence  of  the  difperGon  of 
the  printed  notes  on  the  Grft  cafe.  The  moft  important  are  the  refult  of  two  cafes 
treated  in  this  way  by  Dr.  Cleghotn  of  Glafgow,  and  one  by  Drs.  Currio  and  Gerard  at 
Liverpool;  all  of  which  afford  the-ftrongeft  corroboration  of  the  efficacy  of  this  mode  of 
treatment. 

To  this  account  of  the  diabetes  are  added  fome  experiments  on  fugar,  and  the  effeAs  of 
different  acids  in  the  lues  venerea.  The  cafes  of  lues  venerea  treated  in  this  way,  and 
detailed  at  fome  length,  are  :  17  by  Mr.  Cruickfhank,  2  by  Dr.  Imv^in,  5  by  Dr.  Jsunefon, 
and  8  by  Dr.  Wittman— making  in  all  3a.  Of  thefe  19  were  cured  by  the  nitrous  acid, 
4  by  the  oxygenated  muriatic  acid,  3  by  lemon-juice,  or  the  citric  acid,  and  6  by  the  oxy- 
genated muriate  of  pot-aQi.  The  affeftions  in  all  thefe  were  of  the  primary  kind,  being 
chancres  and  buboes,  but  diftinftly  marked.  The  effefts  produced  by  the  different  reme- 
dies were  nearly  the  fame,  and  fuch  as  feemed  to  indicate  a  general  increafed  a£lion  of  the 
fyftem.  There  was  an  increafe  of  appetite,  more  thirft  than  ufual,  a  white  tongue,  an 
augmentation  in  the  quantity  of  urine,  and  the  blood  when  drawn  was  generally  Gzy ; 
nothing,  however,  like  falivation  was  obfcrvcd. 

Th 
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Tbe  cures  in  generaf  (earned  to  have  been  performed  itx  kfs  time  ihtn  would  have  been 
neceflary  under  the  mercurial  plan  \  and  without  any  confinement  or  particular  regimen. 
The  efle£l  is  fuppofed  to  have  been  produced  by  the  difengagement  of  oxygcne  from  the 
difFerenc  fubflances  employed,  inducing  a  new  difeafe  in  the  fyftem.  Of  the  different  re* 
mediesy  the  preference  is  given  to  the  nitrous  acid  and  the  oxygenated  muriate  of  ^pot-afli :— * 
of  the  firft,  from  one  to  three  drachms  were  given  daily^  diluted  with  about  a  quart  of 
water,  and  of  the  oxygenated  muriate  of  pot-aih  from  fix  to  fixteen  grains  four  times  a-day. 
No  external  q;>plications  were  employed,  but  milk  and  water,  or  a  very  dilute  folution  of 
the  ccrufla  acetata,  merely  to  keep  the  parts  clean.  At  the  time  this  publication  went  ta 
prefs,  no  relapfes  had  taken  place,  although  fome  of  them  had  been  cured  upwards  of  three 
months. 

Annals  of  Medicine  for  the  Year  1796.  Exhibiting  a  concife  View  of  the  latcft  and  mod 
important  Difcoveries  in  Medicine  and  Medical  Philofophy.  By  Andrew  Duncan,  Sen. 
M.  D.  and  Andrew  Duncan,  Jun.  M.  D.  Fellows  of  the  Royal  College  of  Phyficians, 
Edinburgh,  Vol.  I.  o£lavo,  469  pages.  Edinburgh,  printed  for  Mndie  and  Son,  and  for 
Robinfons,  London,  1796. 

The  Medical  Commentaries  of  the  elder  Dr.  Duncan,  in  twenty  volumes,  publlfhed  af 
Edinburgh,  are  well  known  to  the  public.  The  Annals  of  Medicine  are  offered  as  a  con- 
tinuation of  that  work,  from  which  the  plan  will  not  materially  diflfer.  llie  editprs,  from 
whofe  preface  I  give  this  account,  expe£l  that,  when  peace  (hall  be  again  eftablimed,  their 
accounts  of  foreign  medical  literature  will  be  fuperior  to  what  the  EngliQi  reader  has  been 
hitherto  accuftomed  to  receive. 

Refle^ing  praAitioners  are  invited  to  ufe  this  work  occafionally  as  a  channel  of  public 
communication  of  fuch  practical  obfervations  and  fads  as  they  may  think  worthy  of 
being  fo  diffufed.  Thefe  may  be  tranfmitted  either  to  Dr.  Duncan  of  Edinburgh,  or 
Dr.  Pearfon  of  Leicelter  Square,  London. 

The  volume  confids  of  four  fedions.  The  (irft  contains  analyfes  of  books,  twenty  in 
number;  the  fecond,  medical  obfervations  or  cafes;  the  third,  medical  news;  and  the  fourth, 
a  lift  of  new  books. 

FrofelFional  men  will  not  require  to  be  informed  of  the  utility  of  publications  of  this 
nature  ;  and  there  is  no  queftion  refpe£ling  the  ability  of  the  editors.  If  it  were  pra£lica« 
ble,  with  confiftent  brevity,  to  give  any  analyiis  of  the  contents  of  fuch  a  work,  it  would  on 
thefe  accounts  be  the  lefs  neceflary  to  make  the  attempt.  I  (hall  therefore  only  remark,  that 
the  number  of  new  and  interefting  articles  in  this  volume  is  confiderable. 

A  Narrative  of  the  fuccefsful  Manner  of  cultivating  the  Clove-Tree,  in  the  Ifland  of  Do« 
minica,  one  of  the  Windward  Charibbee  Iflands.  By  William  Urban  Bu6e,  Efq. 
London,  printed  i  -97.  Quarto,  3 1  Pages,  with  an  Engraving  of  the  Clove-Tree,  and  fome 
Implements  for  planting  it.     No  bookfeller^s  name,  nor  price  known. 

This  pamphlet  was  printed  by  order  of  the  Privy  Council,  in  confequence  of  a  Report 
from  the  Right  Hon.  Sir  Jofeph  Banks,  Bart  to  whom  it  was  referred,  as  appears  in  a  letter 
from  that  gentleman  to  the  Earl  of  Liverpool,  which  forms  part  of  the  Appendix.  From 
that  communication  it  appears^  that  Mr.  Buec  is  the  firft  perfon  who  has  obferved  that 
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the  pimento  tree  profpert  bed  in  thofc  fterile  foiU  where  trees  whofc  wood  U  of  a  hard 
texture  abound,  and  that  fugar  cannot  be  cultivated  to  advintage  in  fuch  places ;  and 
alfoy  on  the  other  hand,  that  where  trees  whofe  wood  is  foft  are  naturally  found,  pimento 
trees  are  rarely  met  with,  and  fugar  plantations  will  fucceed. 

Mr.  Buee  obferves,  that  in  the  Weft  Indies,  particularly  in  Dominica,  moft  lands  facing 
the  eaft  are  of  a  ycllowifli  or  reddifii  ftifFcIay^;  a  loil  which,  with  few  exceptions,  is  hardly 
fit  For  any  cultivation,  but  is  produf^ive  of  the  hard  wood  trees.  Partly  by  the  obfervation 
of  incidents  which  prefented  themfelves,  and  partly  from  a  rational  procefs  of  inveftigation 
of  the  fubjef^,  the  author  has  applied  thefe  fa£ls  to  the  clove*tree,  which  is  of  a  hard  clofe 
grain,  though  not  fo  tough  as  the  pimento.  In  the  Moluccas,  where  the  clove-trees  grow, 
the  ground  is  covered  with  them,  and  will  not  admit  the  culture  of  any  thing  elfe.  It  was 
not,  however,  till  after  a  number  of  experiments,  during  a  feries  of 'years,  that  he  arrived 
at  the  pofleilion  of  feveral  bearing  clove-trees.  The  hiftorical  account  of  his  proceedings 
with  regard  to  the  beft  method  of  planting  the  tree,  and  of  rendering  the  cloves  merchant- 
able,  is  intelligent  and  clear.  For  this,  however,  I  muil  refer  the  reader  to  the  work  itfelf. 
Mr.  Buee  has  alfo  fucceeded  in  propagating  the  cinnamon-tree,  of  which  he  poffefles  a 
great  number,  and  promifes  to  make  it  the  fubj  £1  of  his  future  remarks.    . 

Thefe  obfervations,  to  ufe  the  words  of  Sir  Jofeph  Banks,  open  to  the  cultivators  of 
hot  climates  a  new  fource  of  wealth,  which  will  not  probably  be  confined  to  the  growth  of 
cloves.  Other  fpices  may  alfo  profper  beft  in  the  barren  foils  of  the  Weft  Indies,  as  la- 
vender, thyme,  and  other  aromatic  plantt»  are  known  to  do  In  thofe  of  Europe. 

Befides  the  letter  of  Sir  Jofeph  Banks,  the  Appendix  contains  a  lift  of  the  ufeful  plants 
cultivated  in  the  Royal  Gardens  at  the  Ifle  of  France  in  1790;  and  a  letter  from  Mr. 
Rutton  of  Charing-Crofs,  exprefling  the  uniform  opinion  of  feveral  eminent  grocers,  that 
certain  famples  of  Mr.  Buce's  cloves,  forwarded  to  the  Council  by  Sir  Jofeph,  will  anfwer 
^rery  culinary  purpofc  as  well  as  thofe  of  the  Spice  Iflands  in  the  Eaft  Indies. 
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ARTICLE    I. 

jfn  Account  of  the  Manner  in  ivhich  Heat  is  propagated  in  Fluids ^  and  its  general  Confequences 
m  the  Economy  of  the  Univerfe.    By  BENJAMIN  CoufM  ofRuJMFORD  *. 


T, 


H  £  doflrine  of  heat  is  of  fuch  fingular  importance^  not  only  in  the  experiments  of  phi- 
lofophers,  but  in  the  whole  economy  of  animated  and  of  inanimate  beings,  that  at  firft 
fight  It  appears  wonderful  the  greateft  part  of  the  difcoveries  relative  to  this  natural 
power  fliould  have  been  made  by  our  cotemporaries.  Not  many  years  ago,  our  knowledge 
amounted  to  little  more  than  that  bodies,  by  the  communication  of  heat,  acquire  a  common 
temperature ;  a  fa£l  which,  fimply  exprclTed,  denotes  nothing  \nore  than  that  there  is  a 
(late  of  equilibrium,  at  which  two  bodies  may  be  in  contaA,  without  the  communication 
of  heat  from  the  one  to  the  other;  and  again,  that  the  communication  of  heat  is  more 
rapidly  effefted  through  fome  bodies  than  through  others.  The  difcoveries  of  Doftors 
Black,  Irvine,  Crawford,  and  others,  have  taught  us,  that  when  bodies  equal  in  weight  or 
bulk,  or  alike  in  any  other  attribute  (their  intimate  nature  or  compofition  excepted),  are 
brought  into  conta£^,  they  do  not,  by  acquiring  the  common  temperature,  occaGon  an  equal 
change  in  the  fenfible  heat  of  each.  In  fome  in|lances  the  heavier  body  muft  part  with  a 
greater  number  of  degrees  of  its  temperature  before  an  equilibrium  of  communication  be- 
comes eftabliflicd  between  itfelf  and  a  lighter  body ;  and  in  other  inflances  the  contrary 
will  be  the  cafe.  If,  therefore,  water  be  ufed  as  a  ftandard,  and  applied  in  like  tempera- 
tures and  circumftatices  to  different  bodies,  the  common  temperature  will  differ  accordingly 
as  the  bodies  themfelves  require  a  greater  or  lefs  portion  of  heat  to  occafion  fimilar  changes 

*  Abftra£t  or  abridgement  fiom  his  writings,  chiefly  the  Vllth  Experimental  ElT^y. 
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in  their  fcnfiblc  heat.  Thefe  important  refults  conftitute  the  foundation  of  the  theory  of 
the  different  capacities  of  bodies  for  heat,  or  their  fpecific  heats  when  at  the  fame  tem- 
perature. 

Another  difcoverj*,  of  no  lefa  magnitude,  fecmcd  to  render  us  acquainted  with  the  prin- 
cipal caufes  by  which  the-mutations  of  temperature  are  oxiginally  efFefled.  It  was  found 
by  experiment,  not  only  that  different  bodies  require  greater  or  lefs  quantities  of  heat  to  be 
communicated  in  order  to  raife  their  temperature  through  equal  numbers  of  degrees,  but 
alfo  that  the  capacity  of  any  individual  fubllance  is  lead  when  in  the  folid  (late,  greater  in 
the  fluid  date,  and  greateft  of  all  when  converted  into  elaftic  vapour  or  air.  So  that,  as  a 
natural  confequence,  a  much  greater  portion  of  heac  will  be  required  to  convert  Ice  into 
water,  and  raife  its  temperature  ten  degrees,  than  would  have  been  neceffary  to  have  equally 
elevated  the  temperature  of  cold  ice  without  melting  it.  And  fo  likewifc  the  vaporiza- 
tion of  water,  without  raifing  its  temperature  beyond  the  boiling-water  point,  requires  a 
much  larger  quantity  of  heat  than  would  have  heated  the. fame  mafs  of  water  from  the 
freezing  to  the  boiling  point. 

A  great  number  of  interefting  dedu£lions,  from  thefe  fa£ls,  have  been  applied  to  explain 
the  general  mutations  of  heat  in  the  univerfe  around  us.  For^  in  the  firft  place^  fince 
every  change  of  chemical  combination  is  attended  with  a  greater  or  lefs  change  of  the  ca- 
pacities of  the  aggregate,  it  almoft  invariab*/  happens  that  the  temperature  of  the  new 
compound  is  either  above  or  below  the  common  temperature  of  the  atmofphere ;  and  as  the 
fufibilities  of  thefe  compounds  are  alio  affeAed  according  to  laws  of  which  at  prefent  we 
know  nothing,  there  is  very  frequently  a  change  of  temperature  on  this  account  affo. 

Such  is  the  moft  luminous  and  beautiful  theory  of  heat  which  our  cotemporaries  have 
begun  to  develop,  and  which  is  at  prefent  explained  at  confiderable  length  in  moft  ele- 
mentary works.  But  as  this  fubje£t  appeap  to  depend  upon  fa£ls  fcarcely  capable  of  being 
extended  farther  by  hypothefis  or  analogical  reafoning,  it  has  happened  that  indu&ions 
experiments  and  applications,  though  of  the  greateft  value,  have  been  but  flowly  made.  The 
cffe£k  of  chemical  operations  on  the  temperature  of  bodies  has. been  applied  with  great  fuc- 
cefs  to  explain  the  a£l  of  combuftion  j  and  the  general  confequences  of  the  change  of 
capacity  in  the  folid,  fluid,  and  vaporous  ftates  have  been  confidered  with  regard  to  their 
extenfive  influence  upon  the  face  of  the  globe.  But  thofe  refults  which  originate  chiefly 
from  the  differences  of  conducing  power  in  bodies  with  regard  to  heat,  have  fcarcely  con- 
ftituted  an  objeft  of  direft  enquiry  among  philofophers,  excepting  by  Count  Rumford  in 
the  Philofophical  Tranfaftions,  and  in  his  Experimental  Eflays,  at  prefent  in  the  progrefs  of 
publication.  On  the  prefent  occafion  I  fliall  not  enter  into  the  confideration  of  the  extenfive 
ceonomical  ofes  to  which  this  philofopher  has  applied  the  refults  of  his  experiments  and 
dcduftions,  but  (hall  chiefly  confine  the  prefent  memoir  to  the  confequences  which  he  has 
(hewn  to  arife  from  the  impcrfeft  conducing  power  of  fluids  with  regard  to  heat. 

The  free  paffage  of  heat,  in  all  direftions,  through  all  kinds  of  ^odies,  has  never  yet  been 
called  in  qucdion,  though  the  rapidity  of  its  tranfmifliion  is  well  known  to  differ  exceedingly 
in  various  kinds  of  bodies.  Under  the  influence  of  this  opinion  Count  Rumford  began  hi9 
experiments  on  heat,  ills  former  experiments  Ihewcd  that  air  is  a  non-condu3or  of  heat ; 
and  the  late  experiments  contained  in  his  feventh  Effay  afcertain  that  water  is  in  the 
fume  predicament.     He  thinks  that  all  other  fluids  have  the  fame  property.     He  was  led 
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to  an  experimental  inveftigation  of  this  curious  fubjed  by  certain  accidental  events  which  he 
relates.  Theie  fhewed,  that  when  the  circulation  of  water  is  impeded  by  mucilage  or  bf 
fibrous  matter,  as  in  apple-pie  and  thick  rice-foup,  the  heat  is  not  only  a  long  time  in  efcap* 
ing,  but  may  be  very  conr^erablc  in  one  part  of  the  mafs,  while  other  parts  are  nearly  cold, 
I'he  baths  of  Baia  afforded  another  inftance  of  the  fame  natbre,  which  is  very  ftriking.  Wheti 
the  Count  was  (landing  on  the  fea-fhore,  near  the  bathsj  where  the  hot  (team  was  ifluing 
out  of  every  crevice  of  the  rocks,  and  even  rifing  up  out  of  the  ground,  he  had  the  curiolity 
to  put  his  hand  into  the  water.  He  was  not  furprifed  to  find  that  the  waves  of  the  fea,  which 
inceflantly  followed  each  other  over  the  beach,  fliould  feel  cold ;  but  he  was  more  thai^ 
furprifed  when,  on  runnipg  the  ends  of  his  fingers  into  the  fand  beneath  the  water,  he  found 
the  heat  quite  intolerable.  The  fand  was  perfeftly  wet,  and  yet  the  temperature  was  fo 
Very  different  at  the  fmall  diftance  of  two  or  three  inches  !  He  even  found  that  the  furface 
of  the  fand  was  to  all  appearance  quite  as  cold  as  the  water  which  flowed  over  it.  He  could 
not  reconcile  this  to  the  fuppofed  great  condudling  power  of  water ;  and  then,  for  the  firft 
time,  in  confcquence  of  his  doubts  refpefting  the  exifterice  or  intenCty  of  this  power,  he 
determined  to  make  experiments  to  afcertain  the  faft;  Thefe  however  were  delayed,  and 
probably  might  have  remained  unaonCj  if  another  unexpe£ted  appearance  had  not  revived 
his  curiofity. 

In  the  courfe  of  a  fet  of  experiments  oii  heat,  Count  R.  had  occaGon  to  ufe  thermome- 
ters of  uncommon  fize,  their  globular  bulbs  being  above  four  inches  in  diameter  filled 
with  various  liquids.  One  of  thefe,  containing  alcohol  much  heated,  was  placed  in  a  win- 
dow where  the  fun  happened  to  be  fhining;  when,  calling  his  eyes  on  the  tube,  which  was 
quite  naked,  and  divided  by  means  of  ^  diamond^  he  faw  the  whole  mafs  of  its  contents  in 
a  mod  rapid  motion,  in  two  oppofite  direflions^  up  and  down  at  the  fame  time.  Thefe 
motions  were  rendered  vifible  by  fome  particles  of  fine  duft  that  happened  to  be  in  the 
ball  before  it  was  filled.  The  tube  was  iVaths  of  an  inch  in  diameter ;  and  upon  examina- 
tion with  a  lens,  the  rifing  current  of  fpirit  was  feen  to  occupy  the  axis  or  internal  part  of 
the  tube,  and  the  defcending  dream  was  contiguous  to  the  fides.  When  the  tube  was  in- 
clined, the  riCng  current  occupied  the  uppermod  fide,  and  the  defcending  dream  the  lower. 
The  velocities  were  perceptibly  increafed  by  wetting  the  tube  with  ice-cold  water  ;  they 
became  gradually  lefs  as  the  thermometer  was  cooled,  and  ceafdd  when  the  fluid  had  ac- 
quired the  common  temperature  of  the  room  y  and  the  motion  was  greatly  prolonged  when 
the  cooling  of  the  bulb  was  impeded  by  wrapping  it  iti  furs  or  any  other  warm  covering. 

The  fame  experiments,  with  motion  of  the  fame  kind,  and  quite  as  rapid,. were  repeated 
with  a  fimilar  thermometer  filled  with  linfeed-oil. 

From  thefe  fa&s  Count  Rumford  was  led  to  conclude  that  the  fluids  he  had  tried,  and 
lirobably  all  others,  are  in  fa£l  non-condu£lors  *  of  heat ;  that  they  tranfmit  this  matter 

*  Throughout  this  mod  valuable  eflTay,  the  author  fpeaks  of  fluids,  and  particularly  water,  as  perfeS!  nori' 
c^nduHors  of  beat  \  trhich  feems  to  me  to  be  an  inaccurate  expreffion  of  the  fa£ts.  His -experiments,  hereafter 
to  be  related,  may  prove  that  tlte  dire6^  communicatron  of  heat  through  a  line  of  particles  of  a  fluid,  on  the  fup- 
fftfuion  of  their  continuing  immoveable,  is  extremely  (low;  but  not  that  it  does  not  take  place.  If  each  indi- 
vidual particle  were  not  capable  of  receiving  and  giving  heat,  the  procefs  by  circulation  could  not  happen  \  and 
if  on  the  contrary  they  be  capable,  the  propagation  of  heat  from  particle  to  particle  is  poiliblcy  and  muft  doubdefs 
happen ;  though  from  the  fafks  it  appears  that  the  heat  conveyed  by  the  internal  motion  is  very  much  greater 
thanwhatpafles  ift  thi^  way;  Floidsthet)  are  very  imperf^A  conductors  of  heat,  butnotperfe£lnon-condu€lors.  N. 
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or  qualltf ,  by  siflual  motions,  from  the  heated  to  the  cold  bodies  with  which  they  may  fuci^ 
ccdively  come  into  contact  j  and  that  every  means  of  obftrufting  or  retarding  thofe  motions 
would  render  the  propagation  of  heat  more  flow  and  difficult.     lie  had  before  found  that 
this  was  aflually  the  cafe  with  air,  and  on  the  prcfcnt  occaGon  he  proceeded  to  give  the  fub»^- 
jc£t  a  thorough  and  careful  invefligation. 

The  apparatus  made  ufe  of  for  the  firft  courfe  of  experiments  confided  of  a  large  ther* 
mometer,  which  he  calls  the  paffage  thermometer,  confifting  of  a  cylindrical  veflel  with  he* 
mifpherical  ends,  forming  the  bulb,  and  a  glafs  tube  fitted  into  a  neck  by  means  of  a  good 
cork.  Its  dimenfions  were  as  follow : — Diameter  of  the  bulb  1.84  inches — Length  4.99— 
Capacity  or  contents  13.2099  cubic  inches — ^External  fuperficies  28.834  fuperficial  inches 
-— Thicknefs  of  the  (heet  copper  0.03  inch — Weight  when  empty  1846  grains,  and  it  con- 
taiha  3344  grains  of  water  at  55^  of  temperature.  The  glafs  tube  is  24  inches  long,  and 
-i^ths  of  an  inch  in  diameter,  and  the  cylindrical  neck  of  copper  into  which  it  is  fitted  by 
means  of  cork  is  one  inch  long,  and  rVcdths  of  an  inch  in  diameter. 

This  thermometer,  being  filled  with  linfeed-oll,  and  its  fcale  graduated,  was  fixed  in  the 
axis  of  a  hollow  cylinder  of  thin  (hcet  copper,  1 1|  inches  long,  and  2.3435  inches  in  dia- 
meter internally.  This  cylinder,  which  is  open  at  one  end,  is  clofed  at  the  other  w^th  an 
hemifpherical  bottom  with  its  convex  fide  outwards.  The  bulb  of  the  thermometer  was 
confined  in  the  axis  of  this  cafe,  by  thred  fmall  wooden  pins,  inferted  in  fojkets  within 
the  large  brafs  tube,  and  the  upper  end  was  properly  fecured  by  .caufing  the  glafs  tube  to  pafs 
through  a  cork  (topper  adapted  to  the  fame  metallic  cylinder.  The  bottom  of  the  bulb 
reded  on  a  wooden  pin  fixed  in  a  focket  in  the  middle  of  the  hemifpherical  bottom  of  the 
cafe.  All  the  pins  terminated  in  blunt  wooden  points,  to  reduce  the  contafts  as  much  as 
poflible. 

The  fpace  between  the  thermometer  when  in  its  place,  and  the  internal  furface  of  the 
furrounding  cylinder,  was  defigned  to  contain  the  fubftance  through  which  the  heat  was  made 
to  pafs  into  or  out  of  the  thermometer ;  the  temperature  of  this  laft  mafs  being  (hewn  by 
the  graduations  on  the  glafs  tube.  The  quantity  of  water  required  to  fill  the  fpace,  and 
cover  the  bulb  of  the  thermometer  about  one  quarter  of  an  inch,  was  found  to  weigh  246S 
grains. 

When  the  bulb  of  the  thermometer  was  furrounded  in  its  place  by  water  or  any  other 
liquid  or  mixture  intended  to  be  tried,  a  cylinder  of  cork,  rather  lefs  in  diameter  than  the 
internal  cavity,  was  flipped  down  upon  the  tube,  not  quite  fo  low  as  the  water  or  mixture* 
Above  this  was  placed  a  quantity  of  eider-down,  fufficient  to  fill  the  remaining  cavity,  ex- 
cept what  was  occupied  by  the  cork  ftopper,  laft  of  all  to  be  inferted.  The  thermometer 
was  divided  according  to  Fahrenheit's  fcale,  and  the  whole  fcale,  from  the  freezing  point  to 
the  boiling-water  point,  was  above  the  ftopper. 

The  operations  with  this  apparatus  were  performed  by  placing  the  prepared  inftrument 
In  melting  ice  till  the  thermometer  fell  to  32°.  It  was  then  immediately  plunged  into  a  large 
veflTel  of  boiling  water,  and  thi  conducing  power  of  the  fubftance  under  examination  was 
eftimated  by  the  time  the  heat  employed  in  paflTing  through  it  into  the  thermometer ;  the 
time  being  carefully  noted  when  the  liquid  in  the  thermometer  arrived  at  the  40th  degree 
of  its  fcale ;  and  alfo  when  it  came  to  every  20th  degree  above  it. 

In  the  reverfe  operation,  the  inftrument  was  kept  in  boiling  water  till  its  ten?perature 
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appeared  ftationary,  when  it  was  taken  out,  and  immediately  plunged  in  melting  ice,  and 
the  times  of  its  defcent  carefully  noted. 

As  foon  as  this  apparatus  was  completed,  the  Count  was  defirous  of  afcertaining  whetlier 
apples  which  continue  hot  fo  long  in  pies  made  of  that  fruit,  do  really  pofTcfs  a  power  of 
retaining  heat  greater  than  that  of  pure  water,  of  which  for  the  mod  part  they  conlift;  but 
in  the  firft  place  he  afcertained  the  quantity  of  fibrous  matter  in  apples,  by  dewing  two 
ounces  troy  of  the  pulp,  and  wafliing  off  the  foluble  matter  with  a  large  quantity  of  cold 
water.  The  fibrous  remainder,  when  thoroughly  dried,  weighed  only  25  grains,  which,  by 
remaining  for  feveral  days  in  a  plate  on  the  top  of  a  heated  German  ftove,  was  further  re- 
duced to  iSrdths,  or  lefs  than  i-5oth  part  of  the  whole  mafs. 

The  refults  obtained  by  furrounding  the  bulb  of  the  paflage  thermometer  with  a  quantity 
of  ftewed  apples,  fo  confident  as  not  to  exhibit  figns  of  fluidity,  and  then  expofing  the  ap- 
paratus to  the  heating  and  cooling  proccfles,  are  tabulated  in  the  original  Effay.  The  con- 
ducing power  of  the  dewed  apples  proved  to  be  little  more  than  half  that  of  pure  water ; 
that  is  to  fay,  the  heat  was  nearly  twice  as  long  in  pafl[ing  through  the  former  as  the 
latter. 

As  the  attention  of  our  author  was  deadily  fixed  on  the  pofition  that  heat  is  communi- 
cated by  fluids,  only  by  its  being  tranfported  by  virtue  of  their  intedinc  motion  produced  by 
the  change  of  fpecific  gravity,  he  concluded  that  there  may  be  two  ways  of  obdru£ling  this 
propagation  of  heat  -,  namely,  by  diminifliing  their  fluidity,  which  may  be  done  by  folution 
of  any  mucilaginous  fubdance;  or,  more  fimply,  by  impeding  the  motion  of  their  particles, 
which  may  be  efl^cdted  by  mixing  any  folid  fubdance  with  them  which  is  an  imperfect 
condudlor  of  heat,  and  of  an  enlarged  furface  by  being  divided  into  fmall  mafles. 

In  the  experhnents  with  dewed  apples,  the  paflage  of  the  heat  in  the  water,  ^yhich  con- 
dituted  by  far  the  greated  part  of  the  mafs,  was  doubtlefs  obdrufted  in  both  thefe  ways* 
The  mucilaginous  part  of  the  apples  diminiftied  very  much  the  fluidity  of  the  water,  at  the 
fame  time  that  the  fibrous  parts  ferved  to  embarrafs  its  motions. 

In  order  to  difcover  the  comparative  eflTedls  of  thefe  two  caufes,  water  was  boiled  with 
about  i-i  ath  part  of  its  weight  of  darch,  and  examined  by  the  apparatus.  The  fame  weight 
of  eider-down  was  alfo  boiled  with  a  like  quantity  of  water.  The  intention  of  this  lad 
boiling  was  to  free  the  eider-down  from  water.  From  the  tabulated- experiments,  it  appears 
that  thefe  feveral  additions  impaired  the  condufling  power  of  water  nearly  to  a  degree  of 
equality  with  the  dewed  apples. 

In  the  Philofophical  Franfaflions  for  I79l>  where  Count  Rumford  has  afcertained  that 
heat  is  ad^ually  propagated  in  air  in  the  fame  manner  as  it  is  here  dated  to  be  propagated  iii 
water,  he  found  that  the  thicknefs  of  a  dratum  of  air,  which  ferved  as  a  barrier  to  heat,  re- 
maining the  fame,  the  paflage  of  heat  through  it  was  fometimes  rendered  more  difficult  by 
increafing  the  quantity  of  the  light  fubdance,  which  was  mixed  with  it  to  obdruA  its  in- 
ternal motion.  To  fee  if  fimilar  efl^e£ls  would  be  produced  with  water,  he  repeated  the 
experiments  with  eider-down,  reducing  the  quantity  of  it  mixed  with  water  to  one  fourth 
of  the  quantity  ufed  in  the  Cornier  experiments.  The  refidance  to  the  paflage  of  heat  was 
confiderably  diminiihed.  ^ 

The  refults  of  thefe  experiments  are  extremely  intcrefting ;  they  not  only  make  us  ac- 
quainted with  anew  and  very  curious  fa^l^  nsunelyj  that  fcathcrsy  and  other  like  fubdanees, 
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which  In  air  are  known  to  form  very  warm  coverings  for  confining  heat^  may  ferve  the 
fame  purpofe  in  water,  but  that  their  effeds  in  preventing  the  paflage  of  heat  are  even  greater 
in  water  than  in  air. 

This  difcovcry  is  very  happily  applied  by  the  Count  to  elucidate  fome  of  the  mod  interefl- 
ing  parts  of  the  economy  of  nature^  on  which  fubject  I  (hall  give  his  inferences  very  nearly 
in  his  own  words.  r 

As  liquid  water  istlie  vehicle  of  heat  and  nourifliment,  and  confequently  of  life  in  every 
living  thing ;  and  as  water,  left  to  itfelf,  freezes  with  a  degree  of  cold  much  lefs  than  that 
which  frequently  prevails  in  cold  climates,  it  is  agreeable  to  the  ideas  we  have  of  the  Creator 
of  the  world,  to  expe£l  that  effedual  meafures  would  be  taken  to  preferve  a  fifffident  quan« 
tlty  of  that  liquid  in  its  fluid  ftate,  to  maintain  life  during  the  cold  feafon :  and  this  we  find 
has  a£tualiy  been  done ;  for  both  plants  and  animals  are  found  to  furvive  the  longeft  and 
moft  fevere  winters  :  but  the  means  wluch  have  been  employed  to  produce  this  admirable 
efiFe£i  have  not  been  inveftigaced ;  at  lead  not  as  far  as  they  relate  to  vegetables. 

But  as  animal  and  vegetable  bodies  are  eflentially  different  in  many  refpedls,  it  is  very 
natural  to  fuppofe  that  the  means  would  be  different  which  are  employed  to  preferve  them 
againft  the  fatal  effeAs  which  would  be  produced  in  each  by  the  congelation  of  their  fluids. 

Among  organized  bodies  which  live  on  the  furface  of  the  earth,  and  which  of  courfe  are 
ezpofed  to  the  viciilitudes  of  the  feafon,  we  find,  that  as  the  proportion  of  fluids  to  folids  is 
greater,  the  greater  is  the  heat  which  is  required  for  the  fupport  of  life  and  health ;  and  the 
lefs  are  they  able  to  endure  any  confiderable  change  of  their  temperature. 

The  proportion  of  fluids  to  folids  is  much  greater  in  animals  than  in  vegetables ;  and  in 
order  to  preferve  in  them  the  great  quantity  of  heat  which  is  necefTary  to  the  prefervation 
of  life,  they  are  furniflied  with  lungs,  and  are  warmed  by  a  procefs  fimilar  to  that  by  which 
heat  is  generated  in  the  combuilion  of  inflammable  bodies. 

Among  vegetables,  thofe  which  are  the  mod  fucculent  are  annual.  Not  being  furniflied 
with  lungs  to  keep  the  great  mafs  of  liquids  warm  which  fill  their  large  and  Sender  veflcls, 
they  live  only  while  the  genial  influence  of  the  fun  warms  them,  and  animates  their  feeble 
powers ;  and  they  droop  and  die  as  foon  as  they  are  deprived  of  its  fupport. 

There  are  many  tender  plants  to  be  found  in  cold  countries  which  die  in  the  autumn,  the 
root^  of  which  remain  alive  during  the  winter,  and  fend  off"  frelh  flioots  in  the  enfuing 
fpring.  In  thefe  we  (hall  conftantly  find  the  roots  more  compact  and  denfe  than  the  ilalki 
or  with  fmaller  veflels  and  a  fmaller  proportion  of  fluids. 

Among  the  trees  of  the  foreft,  we  (hall  conftantly  find  that  thofe  which  contain  a  gi«at 
proportion  of  thin  watery  liquids  not  only  (hed  their  leaves  every  autumn,  but  are  fometimes 
frozen  and  adually  killed  in  fevere  frofts.  Many  thoufands  of  the  largeft  walnut-trees  were 
killed  by  the  froft  in  the  Palatinate  during  the  very  cold  winter  in  the  year  178S }  and  it  is 
well  known  that  few,  if  any,  of  the  deciduous  plants  of  our  temperate  climate  would  be 
able  to  fupport  the  exceffivc  cold  of  the  frigid  zone. 

The  trees  which  grow  in  thofe  inhofpitable  climates,  and  which  brave  the  cold  of  the 
fevereft  winters,  contain  very  little  watery  liquids.  The  fap  which  circulates  in  their  veflels 
is  thick  and  vifcous,  and  can  hardly  be  faid  to  be  fluid.  Is  there  not  the  ftrongeft  reafon  to 
think  that  this  was  fo  contrived  for  the  exprefs  purpofe  of  preventing  their  being  deprived 
of  all  their  heat,  and  kiUed  by  the  cold  during  the  winter  ? 

We 
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We  have  feen  by  the  foregoing  experiments,  how  much  the  propagttlott  of  heat  in  a  liquid 
is  retarded  by  diminifliing  its  fluidity ;  and  who  knows  but  this  may  coatinue  to  be  the  cafe 
as  long  as  any  degree  of  fluidity  remains  ? 

As  the  bodies  and  branches  of  trees  are  not  covered  in  winter  by  the  fnow  which  protecls 
their  roots  from  the  cold  atmofphere,  it  is  evident  that  extraordinary  meafures  were  ne- 
ceflary  to  prevent  their  being  frozen.  The  bark  of  all  fuch  trees  as  are  defigned  by  nature  to 
fupport  great  degrees  of  cold,  forms  a  very  warm  covering ;  but  this  precaution  alone  would 
certainly  not  have  been  fuflicient  for  their  protedion.  The  fap,  in  all  trees  which  are  ca- 
pable of  fupporting  a  long  continuance  of  froft,  grows  thick  and  vifcous  on  the  approach  of 
winter.  What  more  important  purpofe  could  this  change  anfwer,  than  that  here  indicated? 
And  it  would  be  more  than  folly  to  pretend  that  it  anfwers  no  ufeful  purpofe  at  all. 

We  have  feen  by  the  refults  of  the  foregoing  experiments,  how  much  the  fimplc  em- 
barraflfment  of  liquids  in  their  internal  motions  tends  to  retard  the  propagation  of  heat  in 
them,  and  confequently  its  paflage  out  of  them :  and  when  we  confider  the  extreme  fmall- 
nefs  of  the  veflels  in  which  the  fap  moves  in  vegetables,  and  particularly  in  large  trees  ;— 
when  we  recolle£t  that  the  fubftance  of  which  thefe  fmali  tubes  are  formed  is  one  of  the  bed 
non-condu£lor8  of  heat  known  ^ ; — and  when  we  advert  to  the  additional  embarraflments 
to  the  paflfage  of  the  heat  which  arife  from  the  increafcd  vifcofity  of  the  fap  in  winter,  and 
to  the  almoft  impenetrable  covering  for  confining  heat  which  is  formed  by  the  bark,  we  (hall 
no  longer , be  at  a  lofs  to  account  for  the  prefervation  of  trees  during  the  winter,  notwith- 
{landing  the  long  continuation  of  the  bard  frofts  to  which  they  are  annually  expofed.' 

On  the  fame  principles  we  may,  I  think,  account^  in  a  fatisfaAory  manner,  for  the  preferva- 
tion of  feveral  kinds  of  fruit  \  fuch  as  apples  and  pears,  for  inftance,  which  are  known  to  ' 
fupport,  without  freezing,  a  degree  of  cold  which  would  foon  reduce  an  equal  volume  of 
pure  water  to.  a  folid  mafs  of  ice. 

At  the  iame  time  that  the  compaft  (kin  of  the  fruit  eflTe&ually  prevents  the  evaporation 
of  its  fluid  parts,  which,  as  is  well  known,  could  not  t^ke  place  without  occafioning  a  very 
great  lofs  of  heat,  the  internal  morions  of  thofe  fluids  are  fo  much  obftrufted  by  the  ^in 
partitions  of  the  innumerable  fmftU  cells  in  which  they  are  confined,  that  the  communica- 
tion of  their  heat  to  the  air  ought,  according  to  our  hypothefis,  to  be  extremely  flow  and 
difficult.  Thefe  fruits  do,  however,  freeze  at  laft,  when  the  cold  is  very  intenfe ;  but  it 
muft  be  remembered  that  they  are  compofed  almoft  entirely  of  liquids,  and  of  fuch  liquids 
as  do  not  grow  vifcous  with  cold ;  and  moreover  that  they  were  evidently  not  defigned  to 
{jupport  for  a  long  time  very  fevere  fro(l8. 

Farfnips  and  carrots,  and  feveral  other  kinds  of  roots,  fupport  cold  withotxt  freezing  ftill 

^  I  lately  by  accident  had  occafion  to  obferve  a  very  Hriking  proof  of  the  extreme  diAcuIty  with  which  heat 
paifes  in  wood.  Being prefent  at  the  foundry  at  Munich  when  cannons  wereca(lirg>  I  obferved  that  the  founder 
ufed  a  wooden  inftninnent  for  ftirring  the  melted  metal.  It  was  a  piece  of  oa:k  plank,  green,  or  unfeafoncd, 
about  ten  inches  fquare,  and  two  inches  thick,  with  a  long  wooden  handle,  which  was  fitted  into  a  hfle  in  the 
middle  of  it.  As  this  inftrument  was  frequently  ufed,  and  fometimes  remained  a  confiderable  time  in  the  fur- 
nace, in  which  the  heat  was  moll  inten(e,  I  was  furprifed  to  find  that  it  was  not  confumed  \  but  I  was  ftill  more 
fnrprifed,  on  examining  the  part  of  the  plank  which  had  been  immerfcd  in  the  melted  metal,  to  find  that  the 
heat  had  penetrated  it  to  fo  inconfiderable  a  depth,  that  at  the  diftyice  of  one-twentieth  of  an  inch  below  its 
furface  the  wood  did  not  fcem  to  have  been  in  the  leaft  afle^ed  by  it*  The  colour  of  the  wood  remained  un- 
changed^ and  it  did  not  appear  to  have  loft  even  its  moifture.    R. 
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longer  than  apples  and  pears;  but  thefe  are  lefs  watery,  and  I  believe  the  vefTek  in  which 
their  fluids  are  contained  are  fmaller :  and  both  thefe  circumilances  ought,  according  to 
our  aifumed  principles,  to  render  the  paflage  of  their  heat  out  of  them  more  difficult,  and 
confequently  to  retard  their  congelation. 

[To  be  continued,'^ 


II. 

Experiments  and  Ohfervations  on  the  fulminating  Preparations  of  Gold  and  Silver  *. 

X  H  £  beft  procefs  for  the  preparation  of  fulminating  gold  being  (hewn ;  the  principles 
furniflied  by  the  acids  during  the  folution  of  the  gold,  and  thofe  furniflied  by  the  ammoniac 
during  the  precipitation,  and  the  order  neceflary  in  the  application  of  them,  were  con- 
fidered,  and  divers  experiments  were  related,  by  which  it  appeared  that  this  fubftance  con- 
fids  of  oxygen,  azote  and  hydrogen  feverally  combined  with  caloric,  and  feverally  attached 
to  the  gold  as  a  common  bafe. 

Twelve  grains  of  this  fulminating  gold  being  placed  in  a  conical  heap  on  a  thin  plate  of 
brafs,  were  gradually  heated.  At  a  temperature  between  300  and  400°,  the  whole  exploded, 
with  a  very  (harp  and  loud  report,  and  the  plate  was  pierced  and  torn.  The  round  aperture 
was  about  an  inch  in  diameter,  and  the  lacerations  extended  much  farther. 

It  was  obferved  that  the  fame  tStd  might  be  produced  by  applying  a  fpark  to  fulminating 
gold  lefs  heated,  and  that  the  accenfion  of  all  fuch  fulminating  compounds,  by  a  fpark  ap- 
plied to  any  part,  or  by  due  augmentation  of  the  temperature  of  the  whole,  is  eaiily  expli- 
cable on  the  grounds  mentioned  in  the  minutes  of  the  lad  meeting,  provided  due  attention 
be  paid  to  the  ftatc  of  the  a£tive  ingredients. 

In  fulminating  gold,  for  inftance,  the  attra£live  powers  tending  to  produce  the  new  com- 
binations, which  take  place  in  the  indant  of  combudion,  feem  to  be  almod  equal  to  thofe  by 
which  the  aggregation  of  this  compound  is  maintained  at  low  temperatures.  For  a  fmall 
augmentation  of  temperature,  or  friftion,  or  percuflion,  or  any  thing  which  didurbs  the  ar- 
rangement of  the  gafeous  principles  and  caloric  which  adhere  but  weakly  to  the  gold,  is  fuf- 
ficicnt  for  the  explofion  of  the  whole,  provided  the  fulminating  gold  be  pure  and  dry. 

In  refpcft  to  the  perforation  of  the  brafs  plate,  it  was  obferved  that  all  bodies  which  ex- 
plode indantaneoufly  would  imprefs  it  in  a  fimilar  manner.  For  the  refidance  of  the  air  to 
projecEliley  or  to  expanGons  of  this  kind,  being  in  the  ratio  of  the  fquares  of  the  velocities  of 
the  moving  or  expanding  bodies,  the  refidance  of  the  air  to  fuch  indantaneous  explofions  as 
thofe  lately  mentioned,  is  almod  equal  to  that  of  a  folid,  or  of  the  metallic  plate  on  which 
the  fulminating  body  is  heated. 

SMALL  portions  of  fulminating  filver,  each  weighing  lefs  than  a  grain,  were  fuccellively 
exploded,  fome  by  the  touch  of  a  flcnder  brafs  wire,  others  by  that  of  a  feather^ 

^  From  the  Mi'.iurcs  of  a  Society  for  Pliilofophical  Experiments  and  Communications:  B.  Hi*gins,  M.  D. 
Opciator.     I  do  noi  luar  that  ilit  ibcicty  U  continued  fince  the  departure  of  the  able  Optrator  for  the  Weft* 
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A  defcription  was  given  of  many  other  fpecimens  which  bad  been  inadvertently  exploded 
and  loft ;  fome  by  overheating  them  to  about  90°,  in  the  place  where  thej;were  to  be  dried ; 
and  others  by  an  accidental  concui&on  of  a  great  iron  plate^  on  which  thejT  were  placed  in 
feparate  cups. 

The  experimenter  faid,  that  he  had  often  exploded  fulminating  filvefi  in  covered  veiTels 
of  the  fmalleft  capacity  that  could  be  ufed  with  fafety ;  and  that  this  fubftance  had  frequently 
exploded  unexpededly  in  his  hand,  with  a  report  louder  than  that  of  a  muflcet. 

A  luminous  and'  momentary  gleaih  was  always  vifible,  but  he  could  not  difcover  any  other 
adequate  cfftGt  of  the  emitted  caloric ;  and  therefore  he  coi^cluded,  that  in  fuch  inftantaneous 
^xplofions  the  caloric  was  expelled  with  velocity  fufficient  to  conftitute  light. 

Mr.  Berthollet,  the- inventor  of  fulminating  filver,  having  contented  himfelf  with  a  general 
:lnd  concife  defcription  of  this  fubje6^»  many  practical  chemifts  have  failed  in  their  attempts 
to  prepare  it;  and  others,  forming  their  opinions  from  theTpecimens  which  they  had  made, 
have  been  expofed  to  great  danger ;  as  will  appear  from  the  following  relation,  which  is  the 
only  part  of  the  Minutes  on  this  fubjeft  that  can  be  introduced  in  the  prefent  publication. 

An  ounce  of  iin«  filver  was  difiblved  in  tlie  courfe  of  eight  hours  in  an  ounce  of  pure 
nitrous  acid,  of  the  London  Pharipacopoeia, -diluted  previoufly  with  three  ounces  of  diftilled 
water,  in  a  glafs  matrafs.  The  folution  being  poured  off,  the  refiduary  black  powder  and 
the  matrafs  were  waflied  with  feven  or  eight  ounces  of  warm  diftilled  water,  and  this  was 
added  to  the  folution.  The  black  powder  being  gold  was  rejeded  i  fome  gold  being  thus 
feparable  from  any  fihrer  of  commerce. 

To  the  foregoing  diluted  folutionj  pure  lime-water  prepared  with  diftilled  water  was 
added  gradually ;  fcnr  the  fohrtion  ought  not  to  be  poured  into  the  lime-water.  When  about 
thirty  pints  of  lime-wirter  had  been  expended,  and  the  precipitate  ha^  fubfided,  more  lime- 
water  was  added,  by  fucccfffire  pints,  as  long  as  it  caufed  any  precipitation.  For  it  was 
<!eemed  fitter  that  the  precipttatioti  (hould  not  be  perfected,  than  that  an  excefs  of  lime- 
water  fliould  be  ufed  *,  the  earthy  pellicle  of  the  exceflive  lime-water  being  apt  to  mix  with 
the  precipitate.  Tht  ctear  liquor  being  poured  away,  the  precipitate  was  poured  off,  and 
wafhed  into  a  filter. 

When  the  faline  liquor  had  drained  from  it,  two  ounces  of  diftilled  wate^  were  poured  on 
the  magma  ;  and  when  this  water  had  pafled,  frefh  portions  were  fucceflSvely  added  and 
pafled,  until  the  whole  quantity  of  water  thus  expended  in  wafliing  away  the  nitrous  cal- 
careous fait  amounted  to  a  quart. 

The  filter  being  then  unfolded,  to  let  the  magma  of  oxide  of  filter  fyrtsid  oki  (he  flattened 
paper,  it  was  placed  on  a  chalk-ftone  to  accelerate  the  exficcation,  and!  was  gradually  dried 
in  the  open  air;  a  cap  of  paper  being  placed  loofdy  over  it  to  exclude  the  duft. 

When  the  weather  fcrved,  tfce  cap  was  removed,  to'  expofe  the  oxid^  to  the  rays  of'thte" 
fun ;  although  this  was  not  deemed  necefiary ;  and  the  exficcatibn  was  promoted  by  cutting* 
the  oxide  into  thin  dices.  When  pcrfe^ily  dry  it  weighed  1  o2.  4  dwt$.  and  about  one-fifth 
of  it  was  confidered  as  oxygenc. 

**  When  aqua  ammoniae  pura  of  any  Pharmacopoeia  is  ufed  with  this  oxide,  either  in' 
the  fmall  quantity  which  blackens  it  completely,  or  in  i  greater  quantity ;  the  black  matter 
which  fubfides,  and  which  has  been  re^efented  by  fyitem^tic  writers  as  the  fulminating 
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compound,  has  no  fucb  property,  any  farther  than  niay  be  owing  to  tlie  matter  depofited 
from  the  alkaline  folution  during  the  exficcation. 

"  The  alkaline  liquor  containing  the  fulminating  diver  ought  to  be  poured  off  from  the 
infoluble  powder,  and  expofed  in  a  (hallovir  veifel  to  the  air.  In  confequence  of  the  ez« 
halation,  black  (hining  crydals  form  on  the  furface  only,  and  foon  join  to  form  a  pellicle. 
As  this  pellicle  adheres  a  little  to  the  fides  of  the  vefTel,  or  maintains  its  figure,  the  liquor 
may  be  poured  off  by  a  gentle  inclination  of  the  veflel. 

**  This  liquor  will  yield  another  pellicle  in  the  fame  way ;  but  the  third  or  fourth  jpellicle 
will  be  paler  than  the  former,  and  weaker  in  the  explofion.  The  firft  pellicles,  when  flowlyi 
dried,  explode  by  the  touch  of  a  feather,  or  by  their  being  heated  to  about  96^. 

'^  The  quantity  of  water  in  the  ordinary  aqua  ammoniae  purse  renders  it  lefs  a^ive  in  the 
folution  of  the  oxide,  and  is  an  impediment  to  the  fpeedy  formation  and  feparation  of  the 
fulminating  filver ;  and  an  experimenter  who  has  often  ufed  twenty  grains  of  the  oxide  to 
produce  fucceflive  pellicles  of  fulminating  filver,  which  may  be  feparately  exploded  with 
fafety,  and  who  has  perceived  that  the  pellicles  never  explode  whilft  v^fct,  if  they  be  not 
heated,  would  in  all  probability  refolve  on  the  following  improvement,  and  expofe  himfelf 
to  the  nnforefcen  danger  of  it.*' 


DISTILLED  water  was  impregnated  with  as  much  pure  ammoniac  as  it  could  eafily  re- 
tain under  the  ordinary  temperature  of  the  air.  A  quantity  of  this  (Irong  ammoniacal 
liquor,  equal  in  bulk  to  a  quarter  of  an  ounce  of  water,  was  placed  in  a  fmall  bottle,  and 
24  grains  of  the  oxide  of  filver,  ground  to  fine  powder,  were  added.  The  bottle,  being  al« 
mod  filled,  was  corked,  to  prevent  the  formation  of  that  film  ^hich  ufually  appeared  in 
confequence  of  the  exhalation  of  the  ammoniac  in  other  experiments. 

During  the  folution  of  the  oxide,  bubbles  of  the  gafeous  kind  arofe  from  It,  and  the  folu- 
tion acquired  a  blue  colour. 

As  no  film  appeared,  the  bottle  was  agitated  three  or  four  times  in  the  courfe  of  as  manj 
hours,  in  order  to  promote  the  folution  of  a  fmall  quantity  of  blackened  oxide  which  re-^ 
mained  at  the  bottom. 

The  experimenter  confidering  this  as  an  ample  provifioh  for  twenty  different  charges,  to 
be  exploded  in  different  circumftances,  in  the  prefence  of  the  fociety,  intended  to  poor  off 
the  folution  into  as  many  fmall  veffels,  and  to  weigh  the  refiduary  black  powder^  after  al- 
lowing two  hours  more  for  the  folution. 

On  the  fixth  hour  he  took  his  ufual  precaution  of  wearing  fpedacles ;  and  obferving  that 
a  fmall  quantity  of  black  powder  ftill  remained  undiffolved,  and  that  no  film  was  yet  formed 
»t  the  furface,  he  took  the  bottle  by  the  neck  to  (hake  it  \  knowing  that  it  might  explode 
by  the  heat  of  his  hand,  if  he  were  to  grafp  it,  and  that  the  explufion  in  this  circumftance 
Might  wound  him  dangeroufly. 

In  the  indant  of  (baking,  it  exploded  with  a  report  that  dunned  him.    The  bottle  wa& 
blown  into  fragments  Co  fmall  as  to  appear  like  glafs  coarfely  powdered.     The  hand  which  ^ 
held  it  was  impreffed  as  by  the  blow  of  a  great  hammer,  and  led  the  fenfe  of  feeling  for 
fome  feconds ;  and  about  fifty*two  fmall  grains  of  glafs  were  lodged,  many  of  them  deeply, 
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in  the  (kin  of  the  palm  ind  fingers.  The  liquor  llained  his  whole  drefs^  and  every  part  of 
the  (kin  thi^t  it  touched. 

Thus  it  appeared  that  fulminating  filver  may  be  made  which  will  explode  even  when 
cold  and  wet^  by  the  mere  difturbance  of  the  arrangement  of  its  parts,  in  the  aqueous  fluid. 

In  fubfequent  experiments,  privately  and  carefully  condu£ied,  it  feemed  that  the  pro- 
perty  of  exploding  in  the  cold  liquor,  by  mere  commotion,  depended  on  the  unufual  quan- 
tity or  proximity  of  the  exploCve  molecules  in  a  given  bulk  of  the  liquor.  And  the  flat 
bottoms,  as  well  as  the  fides,  of  the  thick  vefiels  of  glafs  or  potters- ware,  whether  they 
flood  on  boards  or  on  iron  plates^  were  always  beaten  to  fmall  fragments. 

This  afibrded  a  curious  inftance  .of  the -poflible  equilibrium  between  the  powers  tending 
to  retain  the  caloric,  and  thofe  which  effe£l  the  expulfion  of  it ;  and  experiments  and  con- 
£derations  of  this  kind  ieemed  to  promife  a  trUe  folutiori  of  the  phenomena  of  Rupert's 
drops.  ri' 

SMALL  charges,  each  confifting  of  a  grain  of  oxygenated  nluriate  of  pot-afli,  finely 
powdered,  and  mixed  with  an  equal  (quantity  of  flowers  of  fulphu'r,  were  exploded  by  mere 
trituration.  And  Mr.  Godfrey's  relation  of  the  danger  of  keeping  fuch  a  mixture  in  a 
bottle  was  duly  noticed ;  for,  after  he  had  kept  it  thus  for  fome  time,  he  found  that  it  had 
exploded  fpontaneoufly. 


III. 

Experiments  and  Olfervations  made  wth  the  View  of  qfcertuining  the  Nature  of  the.  Gaz  pro^ 
duced  by  pqffing  EleSlric  Difcharges  through  Water  ;  with  a  Defcription  of  the  Apparatus  fit 
thefe  Experiments.     By  Geo'RQE  PEARSON^  M.  D.  F.  R.  S. 
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SECTION     ir. 

EXPERIMENTS. 


ROM  my  Journal  of  ^he  numerous  experiments  made  during  the  courfe  of  nearly  two 
years,  I  (haU  {clc6k  thofe  which  will  ferve  ^to  explain  the  nature  of  the  procefs,  and  (hew  the 
power  of  the  plate  ele^ricat  machines ;  and  I  (hall  partkuUrly  relate  thofe  experiinents 
which  afforded  the  moft  ufcful  refults  concerning  the  nature  of  the  gaz  obtained. 

I.  With  interrupted  Difcharges. .  .      . 

Experiment  A.  About  •  itl^oo /of  thefe  difcharges  by  me^ns  of  4  34  inch  ^iigjle  pbte 
cledlrical  machine,  in  nearly  three  hpurs^  produced,  from  ;New  River  water  taken  from  the 
cidern,  and  which  had  not  b^en  freed  from  air  by  the  air  pump  or  boilings  a-colunin  of  igaz, 
two- thirds  of  an  inch  in  length,  and  i-Qth  of  an  inch  wide.  On  poflliag  through  this  gaz, 
between  the  two  wires  of  the  tube  in  which  it  was  produced,  a  fin^e  eleArical  fpark,-  its 
bulk  was  indantly  diminifhed  to  two-thirds.  In  other  experiments  the  bulk  of  gaz  was  only 
(liminifiied  to  about  one  half.     And  the  refult  was  the  fame  with  diftilled  water* 

Q^q  a  B.  The 
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B.  The  experioient  A  being  repeated  feveral  times  with  diftilled,  and  New  River  water» 
freed  from  air  by  the  air  pump  or  long  boiling,  the  quantity  of  gaz  juft  mentioned  was  ob* 
tamed  in  about  four  hours. 

On  paiCng  an  eleAric  fpark  through  this  gas  in  the  fituation  above  mentioned^  its  bulk 
was  inidantly  diminiflicd  in  fome  cafes  i5-i6ths,  and  in  others  iQ-acths. 

C  1660  interrupted  difcharges,  by  means  of  a  3a  inch  [5late  machine,  produced  from 
New  River  water,  and  diftilled  water,  freed  from  their  air  by  ^e  air  pump,  a  column  of 
gaz,  about  3-4th8  of  an  inch  in  length  and  i-pth  of  an  inch  in  diametef,  in  the  fpace  of  three 
hours.    It  was  reduced  in  bulk  19-acths  by  pafling  through  it  a  fingle  eledrical  fpark. 

D.  500  revolutions  of  the  32  inch  plate  machine,  in  three  quarters  of  an  hour,  produced 
€00  interrupted  diicharges  in  river  water  freed  from  air  by  the  air  pump,  by  which  a 
column  of  gaz,  half  an  inch  in  length  and  i-ioth  of  an  inch  in  diameter,  was  obtained.  It 
was  diminifhed  as  ufual  by  an  eleflric  fpark  iQ-aoths  of  its  bulk. 

£.  Nearly  four  days  inceflant  labour  with  the  32  inch  machine  produced  only  56,5488 
cubes  of  gaz,  of  i-xoth  of  an  Inch  each,  on  account  of  the  ufual  accidents  during  the  pro- 
cefs.    The  air  had  been  exhaufted  by  fetting  the  water  under  the  receiver  of  the  air  pump. 

F.  It  was  found  that  6000  interrupted  difcharges  produced  about  three  inches  in  lehgth 
of  gaz,  meafured  in  a  tube  3-20ths  of  an  inch  in  width  from  water  out  of  which  its  air  had 
been  drawn  by  the  air  pump. 

G.  It  appeared  from  many  experiments,  that  the  fame  unboiled  water,  or  water  from 
which  the  air  had  not  been  exhaufted  by  the  air  pump,  which  had  repeatedly  yielded 
gaz  by  pafling  through  it  ele£lrical  difcharges,  always  left  a  rcGdue  of  gaz  which  the  elec- 
trical fpark  did  not  diminilfh ;  and  this  refidue  was  in  nearly  the  fame  quantity  after  fix  or 
fcven  experiments,  each  of  which  afforded  a  column  of  gaz  half  an  inch  in  length  and  r-gth 
of  an  inch  in  diameter,  as  was  left  on  paffing  the  eledric  fpark  through  the  gaz  afibrded 
by  the  third  or  fourth  experiment. 

Hence  it  feems  that  water  is  decompounded  by  the  ele£bic  difcharge,  before  the  whole 
of  the  common  or  atmofpherical  air  is  detached  from  the  water  by  merely  the  impulfe  of 
each,  difcharge.  Tet  I  think  it  prob^ible  that,  after  the  difcharges  have  been  pafl^^d  through 
the  fame  water  for  a  certain  time,  the  whole  of  the  air  contained  in  water  will  be  expelled^, 
and  no  gaz  be  produced,  but  that  compounded  by  means  of  the  ele£lric  fire  from  water ;  in 
which  cafe,  fuppofing  the  gaz  fo  produced  to  be  at  leaft  nierely  hydrogen  and  oxygen  gaz, 
St  will  totally  difappear  on  pafling  through  it  an  eledlrical  fpark.  But  I  have  never  been  able 
to  determine  this  point,  becaufe  the  tubes  were  always  broken  after  obtaining  a  few  produf^s,, 
or  long  before  it  could  reafonably  be  fuppofed  the  whole  of  the  air  of  the  water  was  ex- 
pelled from  it. 

H.  To  the  jgaz  obtained  in  the  experiment  E  was  added,  ever  water,  an  equal  bulk  of 
almoft  pore  nitrous  gaz.  Fumes  of  nitrous  acid  appeared,  and  the  gaz  examined  was  re- 
duced almoft  one-third  of  its  bulk.  A  fmall  bubble  more  of  nitrous  gaz  being  let  up,  no 
further  diminution  took  place.  To  this  refidue  was  added  half  its  bulk'of  oxygen  gaz,  ob- 
tainedi  from  oxy-muriate  of  pot-afh.  This  mixture  of  gazes  having  flood  feveral  days  over 
well  burnt  lime  and  boiled  quickfilver,  an  eleftric  fpark  was  pafied  through  the  mixture  over 
qntckfilver,  by  which  its  bulk  was  inftantly  diminiOied  one-fourth.  But  no  mcMilure  could 
be  perceived  upon  the  fides  of  the  tube  or  on  the  quickfilver.  The  failure  of  the  appearance 
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of  moifture  W9S  imputed  to  a  bit  pf  lime  accidentally  left  in  the  tube  which  was  burft  by  the 
cxplo{ion>  and  difpcrfed  through  the  tube ;  or  elfe  the  quantity  of  water  produced  was  fo 
fmall,  comparatively  with  the  redduary  gaz,  that  the  water  was  difTolved  by  it  in  the  moment 
of  its  compofition.  For,  fuppofing  water  to  have  been  compounded,  it  couid  not  amount 
to  the  I- 1 00th  part  of  a  grain,  and  the  refiduary  gaz  was  at  lead  aooo  times  this  bulk* 

That  a  quantity  of  water  can  be  compounded  under  the  fame  circumftances  as  in  this  ex- 
periment, and  be  apparently  diilblved  in  air,  fo  as  to  efcape  obfervation,  even  with  a  lens^ 
was  proved  by  pafling  an  electric  fpark  through  a  mixture  of  hydrogen  and  oxygen  gaz,  well 
dried  by  (landing  over  lime. 

2.  With  complete  or  uninterrupted  Difchargcs. 

THE  gaz  obtained  by  the  firft  defcribed  kind  of  apparatus  for  the  uninterrupted  dif- 
charges,  p.  145,  and  Fig.  6,  and  7,  always  left  a  reGdue  of  at  lead  one-fourth  of  its  bulk» 
on  pafling  through  it  the  elefiric  fpark  \  even  when  water  was  ufed  which  had  been  freed 
from  air  by  boiling  or  the  air  pump.  Nor  will  this  refult  appear  furpiifing,  when  it  is  con* 
fidered  how  liable  the  water  in  this  apparatus  is  to  mix  and  abforb  air  during  the  experiment. 
However,  this  method  would  have  been  extremely  valuable,  if  the  next  other  method  had 
not  been  difcovered ;  for  gaz  may  be  obtained  by  it  with  fewer  accidents,  and  much  more 
rapidly,  than  with  the  interrupted  difcjiarges.  The  apparatus  is  alfo  much  more  eafily  fitted 
up,  and  is  more  fimple.  But  I  think  it  unneceiTary  to  particularly  relate  any  experiments,, 
as  they  afforded  the  fame  refults  as  thofe  already  defcribed,  and  as  thofe  next  to  be  related. 

The  following  experiments  were  made  with  the  apparatus  defcribed  p.  146,  and  fhewn 
by  Fig.  8,  9,  and  10: 

Experiment  I.  At  o  h.  40'  P.  M.  began  to  produce  difcharges  with  a  double  plate  twenty- 
four  inch  macliine,  in  water  taken  from  the  ciftern  ;  and  at  12  h.  6'  P.  M.  of  the  fame  day 
there  had  been  written  down  J0200  difcharges,  each  of  which  occafloned  air  to  afcend  from 
the  bottom  of  the  wire  and  brafs  cup.  The  quantity  of  air  obtained  was  now  apparently 
about  one-fourth  of  a  cubical  inch,  and  it  occupied  nearly  half  of  the  tube,  the  water  in 
which  was  by  this  time  very  muddy. 

After  ftanding  till  the  day  following  at  nooo,  when  the  procefs  was  again  commenced,  it 
did  not  appear  that  any  of  the  gatz  had  been  abforbed  by  the  water  over  which  it  flood. 

At  2  h.  35^  P.  M.  began  to  produce  difcharges,  and  at  8  h.  P.  M.  had  paifed  6636 ; 
which,  together  with  thofe  of  the  preceding  day,  amounted  to  16,836.    The  tube  was 
now  5-8ths  full  of  gaz,  and  there  feemed  to  be  almoft  half  a  cubical  inch  \  for  it  was  ob— 
ferved  that  the  gaz  was  this  day  yielded  at  double  the  rate  it  had  been  the  day  before.  This « 
was  accounted  for  from  the  diminiihed  preflure  upon  the  ele£lric  fire,  by  the  tube  con-- 
taining  gaz  inftead  of  water. 

At  this  time,  namely  at  8  h.  P.  M.  I  was  furprifed  on  the  pafling  of  a  difcharge  by  a  vivid 
Ulumination  of  the  whole  tube,  and  a  violent  commotion  within  it,  with,  at  the  fame  time, 
the  rufliing  up  of  water,  inftantly  to  occupy  rather  more  than  5-8ths  of  tHe  fpace  which  had  . 
been  occupied  by  gaz. 

The  refidue  of  gaz  was  not  diminiihed  further  by  an  eledric  fpark.  ^  and  to  the  ted  of 
nitrous  gaz  it  appeared  to  l»e  rather  worfe  than  atmofpherical  air,  as  it  confided  of  rather 
lefs  than  one  part  of  oxygen,  and  three  parts  of  nitrogen  or  azotic  gaz. 

3  It 
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It  feemed  as  if  the  ele£lrical  difcharge  had  kindled  the  oxygen  and  hydrogen  gaz  of  the  de« 
compounded  gaz,  by  flying  from  the  bottom  ofthe  wire  to  the  brafs  funnel,  fo  that  the  fire 
returned  into  the  tube  where  it  paiTed  through  the  gaz.  Or  the  combuftion  might  be  oc- 
GaGoned  by  a  chain  of  bubbles  reaching  from  the  brafs  di(h  to  the  furface  of  the  water  in 
the  tubcj  which  was  fet  on  fire  in  its  afcenti  and  thus  produced  combuftion  of  the  whole 
of  the  gaz  of  decompounded  water. 

That  this  phenomenon  was  from  the  combuftion  here  fuppofed,  was.  in  fome  degree 
proved,  by  finding  that  the  mixture  of  hydrogen  gaz  and  atmofpherical  air,  under  the  fame 
circumftances,  was  kindled  in  the  fame  manner. 

Experiment  IL  With  a  double  plate  ele£lrical .  machine,  24  inches  in  diameter,  and  a 
fimilar  apparatus  to  that  in  the  laft  experiment,  14,600  difcharges  produced  at  leaft  ofTe* 
third  of  a  cubical  indh  of  gaz.  While  I  was  meafuring  with  a  pair  of  compares  tlie  quan- 
tity of  gaz  produced,  the  points  of  them  being  in  contafl  with  the  part  of  the  tube  occu-^ 
pied  by  gaz,  I  was  again  furprifed,  on  the  paffing  of  a  difcharge,  by  an  illumination  of  the 
whole  tube,  and  the  rufliing  up  with  confiderable  commotion  of  water,  to  occupy  about  two- 
thirds  of  the  fpace  filled  by  gaz. 

The  reCduary  air  was  found,  as  in  the  former  experiment,  to  be  rather  worfe  than  at- 
mofpherical air. 

It  was  concluded  that  the  points  of  the  compafles  had  attra£ied  ele£lrical  fire  from  the 
wire  to  the  fides  of  the  glafs,  and  thereby  kindled  the  hydrogen  and  oxygen  gaz  of  decom- 
pounded water.  But  to  determine  this  queftion,  I  introduced  into  the  fame  tube  a  mixture 
of  one  meafure  of  oxygen  and  two  meafures  of  hydrogen  gaz,  to  occupy  nearly  the  fame 
fpace  in  the  tube  as  the  gaz  had  occupied ;  then  palling  an  eleflrical  difcharge  through  it, 
no  combuftion  was  excited ;  but  on  palling  a  difcharge,  while  the  compafles  were  in  conta£l 
with  the  tube,  as  juft  mentioned,  an  illumination  and  violent  commotion  were  produced^ 
with  the  ruQiing  up  of  water,  to  leave  only  i-8th  of  the  gaz  as  a  refidue.  On  repeating 
this  experiment  with  two  meafures  of  atmofpherical  air,  and  one  of  hydrogen  gaz,  combuftion 
could  not  be  excited;  nor  with  one  meafure  of  atmofpherical  air,  and  two  of  hydrogen  ; 
but  on  adding  to  this  laft  mixture  one  meafure  of  oxygen  gaz,  the  ele£trlcal  difcharge 
produced  the  phenomena  of  combuftion  juft  mentioned,  with  the  rufliing  up  of  water,  to 
occupy  about  two-thirds  'of  the  fpace  which  was  occupied  by  the  gazes. 

Experiment  IlL  Having  pafled  1 2,000  difcharges  through  water,  with  the  apparatus  of 
the  precediiag  experiment,  and  thereby  obtained  only  one-fifth  of  a  cubical  inch  of  gaz ; 
and  having  obferved  that  the  quantity  of  gaz  was  not  greater  than  it  was  wheii  only  8000 
difcharges  bad  been  pafled,  and  yet  bubbles  had  been  feen  to  be  produced  on  each  difcharge, 
as  copioufly,  or  more  fo,  by  the  laft  three  or  4000  difcharges,  as  before ;  I  began  to  fufped): 
that  part  of  the  gaz  had  been  deftroyed  during  the  procefs,  or  had  been  abforbed.  While 
I  was  confidering  how  to  account  for  this  difappearance  of  gaz,  and  was  at  the  fstme  time 
looking  at  the  tube  through  which  the  difcharges  were  pafling,  I  obferved  one  of  them  to 
be  attended  with  a  diminution,  inftantly,  of  about  one- fifth  of  the  gaz  produced,  and  with 
a  flight  cxplofion.  I  was  now  fure,  from  this  phenomenon,  and  from  the  unequal  aug- 
mentation of  the  bulk  of  the  gaz  at  given  times  during  the  procefs,  that  combuftion  had 
been  excited  feveral  times  before,  not  only  in  tlie  prefent  experiment,  but  perhaps  in  the 
former  ones,  without  obferving  it.  I  conceived  that  a  gradual  combuftion  alfo  very  pro- 
bably 
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bal>]y  took  place  in  this  procefs  by  the  kindling  of  bubbles  of  gaz  in  their  afcent  tlirough 
the  water.  I  now  perceived  that  the  difcharges  ought  to  be  produced  more  flowly,  or  the 
tubes  to  be  wider>  to  allow  the  bubbles  to  pafs  quite  through  the  water,  in  order  to  avoid 
the  afcenfion  of  gaz  during  the  procefs.  My  calculation,  alfo,  that  35  to  40,000  difcharges 
were  requifite  to  produce  one  cubical  inch  of  gaz  from  water  containing  its  ufual  quantity 
of  common  air,  was  rendered  much  more  vague  by  this  afcenfion,  fo  often  liable  to  be 
occafioned. 

To  the  gaz  which  remained  in  the  tube  in  this  experiment  was  added  an  equal  bulk  of 
nitrous  gaz ;  the  mixture  diminifhed  to  1,5  ;  and  on  adding  to  the  reGdue  half  its  bulk  of 
oxygen  gaz,  and  pafling  through  it  the  electrical  fpark,  no  accenfion  or  diminution  of  bulk 
was. produced.  Hence  all  the  hydrogen  gaz  .and  oxygen  gaz,  produced  by  the  decompo- 
fition  of  the  water,  had  been  burnt  during  the  procefs  j  the  oxygen  gaz  thus  detcQed  being 
confidered  to  be  only  that  expelled  from  the  water. 

Experiment  IV.  By  means  of  eleftrical  difcharges  with  the  apparatus  ufed  in  the  pre*» 
ceding  experiment,  1  obtained  gaz  from  New-River  water,  letting  it  up  into  a  refervoir, 
as  foon  as  about  i-20th  of  a  cubic  inch  was  produced,  till  1  had  coUedcd  i-8th  of  a  cubic 
inch.  To  this  was  added  an  equal  bulk  of  nitrous  gaz,  on  which  the  mixture  diminished 
to  1,2  i  and  on  the  addition  of  a  little  more  nitrous  gaz,  no  further  diminution  took  place. 
To  this  refidue  half  its  bulk  of  oxygen  was  added  \  and  this  mixture  of  gazes  being  well 
dried,  by  (landing  over  lime  and  boiled  quickfilver,  an  clc£lric  fpark  was  paffcd  through 
it,  by  which  a  diminution  of  one-fixth  of  its  bulk  took  place.  A  little  dew  was  then  fcen 
upon  the  fides  of  the  tube  where  the  quickfilver  had  rifen  ;  and  with  the  aid  of  a  lens  the 
fame  appearance  was  perceived  on  the  part  of  the  tube  containing,  the  refidue  of  gaz. 

It  may  now  be  expe£ied,  that  I  ihould  have  made  the  experiment  with  this  apparatus  on 
didilled  water,  freed  from  its  air,  not  only  by  long  boiling  or  the  air  pump,  but  by  fending 
through  it  feveral^ hundred  elcftrical  difcharges.  It  would  alfo  have  been,  to  fome  pcrfons, 
more  fatisfa£tory,  if  the  experiment  had  been  made  upon  a  larger  fcale,  fo  as  to  have  pro- 
duced the  combuftion  of  a  much  larger  quantity  of  gaz,  and  confequently  have  produced  a 
greater  quantity  of  water.  As,  however,  I  apprehend,  the  experiments  contained  in  this 
paper,  wh^n  well  confidered  by  competent  judges,  will  be  found  to  explain  the  nature  of  the 
gaz  procured  from  water  by  ele^ric  difcharges  ^  and  as  another  very  important  fubjeCi  de- 
mands my  attention,  the  honour  of  more  fplendid  and  convincing  experiments  mud  be  re- 
ferved  for  other  enquirers.  If  the  fame  facrifices  be  made  by  them,  as  have  been  made  in 
performing  the  prefent  experiments,  I  think  it  is  fcarcely  poifible  but  that  dill  funher  light 
concerning  the  compofition  of  water  (hould  be  procured,  as  well  as  concerning  oils,  alcohol^ 
acids,  &c. ;  to  the  invedigation  of  the  compofition  of  which,  the  mode  of  analyfis  and  fyn* 
thefis  here  indicated  may  be  applied. 


SECTION     III. 

On  the  Mode  of  ASlion  of  Ele5lric  Difcharges, 

THE  mere  concuffion  by  the  eledric  difcharges,  appears  to  extricate  not  only  the  air  dif-* 
folved  in  waterj  which  can  be  feparated  from  it  by  boiling  and  the  air  pump,  but  alfo  that 

which 
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-which  rem^s  in  water,  notwithftanding  thefe  means  of  extricating  it  have  been  em* 
ployed. 

The  quantity  of  this  air  yaries  in  the  fame,  and  in  difTerent  waters,  according  to  circom* 
Ibinccs*  New-River  water  from  the  ciftem  yielded  one-fifth  of  its  bulk  of  air,  when 
placed  by  Mr.  Cathbertfon  under  the  receiver  of  his  mod  powerful  air  pump ;  but  in  the 
fame  fituatioui  New-River  water  taken  from  a  tub  expofed  to  the  atmofphere  for  fome 
time  yielded  its  own  bulk  of  air.  Hencd  the  gaz  procured  by  the  firft  one,  two,  or  even 
three  hundred  explofions  m  water  containing  its  natural  quantity  of  air,  is  diminiflied  very 
little  by  an  eleftric  fpark 

The  gas  thusleparable  from  water,  like  atmofpherical  air,  confiAs  of  oxygen  and  nitrogen, 
or  azotic  gaz  ;  which  may  be  in  exa£lly  the  fame  proportions  'as  in  atmofpherical  air ;  for 
the  water  may  retain  one  kind  of  gaz  more  tenacioufly  than  the  other ;  and  on  this  account 
the  air  feparated  may  be  better  or  worfe  than  atmofpherical  air  at  different  periods  of  the 
procefs  for  extricating  it. 

With  regard  to  the  gaz  which  indantly  difappears  on  pafling  through  it  an  eleSric  fpark, 
its  nature  is  fcewn  by  (a)  this  very  property  of  thus  diminifliing ;  and  by  the  following 
properties : 

(b)  A  certain  quantity  of  nitrous  gaz  indantly  difappeared,  apparently  compofing  ni« 
trous  acid,  on  being  added  to  the  gaz  (a)  p.  303,  Exp.  IV. 

Oxygen  gaz  being  added  to  the  refidue  after  faturation  with  nitrous  ga2,  and  an  ele£brid 
fpark  being  applied  to  the  mixture  of  gazes,  well  dried,  a  confiderable  diminution  imme** 
•diately  took  place,  and  water  was  produced. 

(c)  Combudion  from  hydrogen  and  oxygen  gaz  took  place  when  the  tube  was  about  three- 
fourths  full  of  gaz,  pi  30 1 ,  Exp.  I. ;  which  was  confirmed  by  pafimg  an  eledric  (Sifcharge,  un- 
der the  fame  circumdances,  through  a  mixture  of  hydrogen  and  oxygen  gaz,  p.  302,  Exp.  IT. 

(d)  Combudion  from  hydrogen  and  oxygen  gaz  took  place  when  the  points  of  the  com- 
paflcs  were  accidentally  applied  to  the  part  of  the  tube  containing  gaz,  p.  302  ;  which  was 
"Confirfticd  by  palTing  a  difcharge,  under  the  fame  circumdances,  thibugh  a  mixture  of  hy- 
drogen and  oxygen  gaz,  while  the  points  of  the  compafles  were  applied  to  the  tube. 

(e)  The  obfervations  made  of  the  kindling  of  gaz,  in  fmall  quantities,  iiom  time  to  time, 
^during  the  procefs  of  obtaining  it,  particularly  while  it  was  afcendtng  in  chains  of  bubbles, 
or  was  adhering  to  the  funnel  of  the  tube,  p.  302,  Exp.  III.  confirm  the  evidence  in  favout 
of  this  gaz  being  hydrogen  and  oxygen  gaz. 

The  evidence  contained  under  the  above  heads  (a) — (e)  confidered  fingly  and  conjunc- 
tively, I  apprehend,'  mud  be  admitted  by  the  mod  rigorous  reafoner,  or  fevered  logician,  t6 
be  demondrative  that  hydrogen  and  oxygen  gaz  were  produced  by  pafling  eleftric  dif- 
charges  through  water. 

With  regard  to  the  origin  and  mode  of  produdlion  of  thefe  two  gazes,  our  prefcnt  ob- 
fervations and  experiments  do  not  afford  complete  demondrative  evidence ;  but  although 
fome  hypothefes  muft  be  admitted,  I  conceive  that  the  body  of  evidence  we  poflefs  can  af- 
ford a  fatisfadlory  interpretation  of  the  phenomena. 

It  is  demondrablc  that  the  cleclric  difcharge  and  fpark  contain  fire ;  and  very  probably 
they  are  merely  a  date  of  fire.  Fire  may  be  confidered  as  confiding  of  caloric  and  light ; 
but  it  is  at  lead  as  confident  with  the  phenomena,  and  it  is  ftiore  philofophical,  becaufe  it  is 
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more  C«iple>  ,to  cotlfi^^r  light  not  as  a  diftind:  fpecies  of  matter,  but  as  a  ftate  of  c:4oric>  which 
is  manifefted  by  its  producing  the  fenfation  termed  vifion*  It  is  demonftrable  alfo,  diat  the 
ponder^le  paiCts  of  oxygen  and  hydrogen  gaz  conftitute  water.  There  is  ftrong  evidence 
that  thefe  gazes  confifl:  of  a  peculiar  fpecies  of  matter  which  is  ponderable ;  and  of  im« 
ponderable  matter,  which  is  that  which  is  feparable  from  them  in  the  ftate  of  fire,  or  flame. 
If  fire  could  be  applied  in  a  fufficiently  denfe  ftate  and  quantity,  it  is  warrantable,  from  a 
full  indudion  of  fa£ls,  to  conclude,  that  it  is  able  to  difunite  the  conftituent  fubftances  of 
all  the  compound  fubftancea  in  nature. 

{To  be  co)icluded  in  the  next  Number.'] 


IV. 

Eieperimental  Refearcha  to  afctrtam  the  Nature  of  the  Procefs  by  which  the  Eye  aSapts  itfilf  h 

produce  diftinB  Vifion^ 


T 


H  £  ftru£ture  of  the  eye,  and  particularly  its  provifions  for  adjuftment  to  produce 
^ftin£l  vifion,  have  engaged  the  attention  of  feveral  philofophers  during  the  laA  five  yeara^ 
who  have  delivered  papers  on  tibefe  fubjefts  to  the  Royal  Society.  I  parpofe  to  give  thb 
iubftance  of  their  difcoveries  in  the  prefent  communication. 

In  the  year  1793,  Mr.  Thomas  Young's  Obfervations  on  ViGon  appeared  in  the  Traitf- 
anions.  He  gives  a  fl^ort  fummary  of  the  theories  ^f  t^djuftment  propofed  by  v^oiu  earlier 
authors.  Kepler  fuppofed  the  ciliary  proceflTes  to  contraft  the  diameter  of  the  eye,  an^ 
lengthen  its  axis  by  a  mufcular  power.  Defcartes  imagined  the  £une  efie£l  to  be  produced 
by  a  mufcularity  of  the  cryftalline  humour,-  but  did  not  attribute  much  to  the  change  of 
£gure  which  he  fuppofed  to  take  place  in  that  lens.  De  la  Hire,  and  alfo  Haller,  adopted 
the  opinion  that  the  eye  undergoes  no  change  to  produce  diftin&  vifion,  but  the  cootrafiioa 
and  dilatation  of  the  pupil.  Pemberton  fuppofed  the  exiftence  of  mufcular  fibres  in  the 
cryftalline  humour,  by  v^hich  the  curvatures  of  4ts  furfaces  are  chang.'^able.  Dr.  Forterfield 
conceived  diat  the  ciliary  procefles  draw  forward  the  cryftalline,  and  render  the  cornea 
more  convex.  Dr.  Jurin  maintained  the  hypothefis,  thaf  the  uvea,  at  its  attachment  to  the 
cornea,  is  mufcular,  and  capable  of  increafing  the  convexity  of  that  humour,,  by  its  coa- 
tra£iion  towards  the  axis  of  the  eye.  Mufchenbroek  conjectures  that  the  relaxation  of  lus 
ciliary  zone,  which  appears  to  be  nothing  but  the  capfule  of  the  vitreous  humour,  permits 
the  coats  of  the  eye  to  pufli  forward  the  cryftalline  and  cornea.  And,  laftly,  an  elongation 
of  the  axis  of  tlie  eye  has  been  fuppofed  to  be  produced  by  the  preflure  of  the  external 
mufdes,  efpecially  the  two  oblique  muCdes ;  and,  on  the  other  hand,  the  mufcular  aCKon^ 
has  been  fuppofed  to  produce  a  contrary  eSed,  nam^y,  a  eontra&ion  of  the  axis* 

In  the  enumeration  of  thefe  refpedive  hypothefes,  Mr.  Young  makes  remarks  tending  to 
their  feveral  refutation.  I  have  not  tranfcribed  them,  principally  becaufe  they  chiefly 
tend  to  (hew  that  efie£ls  of  this  nature  deferve,  if  poffible,  to  be  fubmitced  to  adual  ex* 
periment. 

From  the  confideration  of  the  whole  fubjeCt,  out  author  concluded  that  the  rays- of  light 
emitted  by  objeds  at  a  fmall  diftance  could  only  be  brought  to  foci  on  the  retina  by  a 
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nearer  approach  of  the  cryftalline  ta  a  fpherical  form ;  and  he  could  imagine  no  other  pawet 
capable  of  producing  this  change  than  a  mufcularity  of  part  or  the  whole  of  its  capfule. 

But  on  clofely  examining,  with  the  naked  eye,  the  cryftalline  from  an  ox  turned  out  of  its 
capfule,  he  difcovcred  a  ftru£lure  which  he  thhiks  fuflicient  to-  remove  all  the  difficulties 
with  which  this  branch  of  optics  has  long  been  obfcured.  The  cryftalKne  lens  of  the  ox  is 
an  orbicular,. convex,  tranfparcnt  body,  compofcd  of  a  confiderable  number  of  fimilar  coats^ 
of  which  the  exterior  clofely  adhere  to  the  interior.  L  ach  of  thefe  coats  confifts^of  fix 
mufcles,  intermixed  with  a  gelatinous  fubftance,  and  attached  to  fix  membranous  tendonai^ 
Three  of  the  tendons  are  anterior,  three  pofterior ;  their  length  is  about  two-thirds  of  the 
lemi-diameter  of  the  coat ;  their  arrangement  is  that  of  three  equal  and  equididant  rays, 
meeting  in  the  axis  of  the  cryftalline ;  one  of  the  anterior  is  dircdcd  towards  the  Gtitsr 
angle  of  the  eye,  and  one  of  the  pofterior  towards  the  inner  angle  j  fo  that  the  pofterior 
are  placed  oppofite  to  the  iniddle  of  the  interftices  of  the  anterior;  and  planes  pa^mg 
through  each  of  the  (ix,  and  through  tlie  axis,  would  mark  on  either  furface  fix  regular  equi^ 
diftant  rays.  The  mufcular  fibres  arife  from  both  fides  of  each  tendon ;  they  diverge  till 
they  reach  the  greateft  circumference  of  the  coat;  and  having  pafied  it,  they  again  converge 
till  they  are  attached  refpeclively  to  the  fides  of  the  neareft  tendons  of  the  oppofite  furface.- 
The  anterior  or  pofterior  portion  of  the  fix  viewed  together  exlribits  the  appearance  of  three- 
penniform- radiated  mufcles.  The  anterior  tendons  of  all-  the  coats  are  fituated  in  the- 
fame  planes,  and  the  pofterior  ones  in  the  continuations  of  thefe  planes  beyond  the  axisi 
Such  an  arrangement  of  fibres  can  be  accounted  for  on  no  other  fuppofition  than  that  of 
mufcularity.  This  mafs  is  enclofed  in  a  ftrong  membranous  capfule,  to  which  it  is  loofel^ 
conneAed  by  minute  veflels  and  nerves ;  and  the  conneflion  is  more  obfervable  near  its- 
greateft  circumference.  Between  the  mafs  and  ils  capfule  is  found  a  confiderable  quantityr 
of  an  aqueous  fluid,  the  liquid  pf  the  cryftalline* 

He  conceives,  thercforcj  that  when  the  will  is  exerted  to  view  an  objeft-  at  a  fmall  diftance, 
the  influence  of  the  mind  is  conveyed  through  the  lenticular  ganglion  formed  from  branches 
of  the  third  and  fifth  pairs  of  nerves,  by  the  filaments  perforating  the  fclesotica  to  the  o»> 
1i)iculus  ciliaris,  which  may  be  confidered  as  an  annular  plexus  of  nerves  and  veflels ;  and 
thence,  by  the  ciliary  proceilfcs,  to  the  mufcle  of  the  cryftalline ;  which>  by  the  contraAion 
•f  its  fibres,  becomes  more  convex,  and  collefls  the  diverging  rays  to  a  focus  on  the  retinni 
The  difpofition  of  fibres  in  each  coat  is  admirably  adapted  to  produce  this  change ;:  for  fince 
the  leaft  furface  that  can  contain  a. given  bulk,  is  tliat  of  a  fphere  (Simpfon's  Fluxions,  p.  486)». 
the  contradlion  of  any  furface  muft  bring  its  contents  nearer  to  a  fpherical  form.  The  liquid 
of  the  cryftalline  feems  to  ferve  as  a  fynovia  in  facilitating  the  motion,  and  to  admit  a  fu&- 
ficient  change  of  the  mufcular  part,  with  a  fmaller  motion  of  the  capfule* 

To  afcertain  whether  thefe  fibres  can  produce  an  alteration  in  the  form  of  the  lens  ful^ 
ficiently  great  to  account  for  the  known  efleAs^  this  author  ftates,  that  the  diameter  of  the 
cryftalline  of  the  ox  is  700  thoufandths  of  an  inch,  the  axis  of  its  anterior  fegment  225  ;. 
of  its  pofterior  350.  In  the  atmofphere  it  collefls  parallel  rays,  at  the  diftance  of  235 
thoufandths.  From  thefe  data  he  finds,  by  means  of  Smitli*s  Optics,  article  366,  and  a 
quadratic,  that  its  ratio  of  refra£lion  is  as  loooo  to  6574.  Haukft)ee  makes  it  only  as 
loooo  \p  6832,7  ;  but  we  cannot  depend  on  his  experiment,  fince  he  fays,  that  the  image 
of  the  candle  which  he  viewed  was  enlarged  and  diftorted ;  a  circumftance  that  he  does  not 
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explain,  but  which  was  evidently  occafioned  by  the  greater  denfity  of  the  central  parts. 
Suppofingi  with  Haukfbee  and  others,  the  refraflion  of  the  aqueous  and  vitreous  humours 
equal  to  that  of  water,  viz.  as  loooo  to  7465,  the  ratio  of  refraftion  of  the  cryftallinc  in 
the  eye  will  be  as  loooo  to  8806,  and  it  would  collefl:  parallel  rays  at  the  diftance  of  1226 
thoufandths  of  an  inch  ;  but  the  diftance  of  the  retina  from  the  cryftalline  is  550  thou* 
fandths-,  and  that  of  the  anterior  furface  of  the  cornea  250  j  hence  (by  Smith,  art  367.) 
the  focal  diftance  of  the  cornea  and  aqueous  humour  alone  muft  be  2329.  Now  fuppoOng 
the  cryftalline  to  aiTume  a  fpherical  form,  its  diameter  will  be  642  thoufandths,  and  its  focal 
diftance  in  the  eye  926.  Then,  difregarding  the  thicknefs  of  the  cornea,  he  deduces  (by 
Smith,  art.  370.)  that  fuch  an  eye  will  colIe£l  thofe  rays  on  the  retina  which  diverge  from 
a  point  at  the  diftance  of  12  inches  and  8-ioths.  This  is  a  greater  change  ths^n  is  ne- 
ceflary  for  ah  ox's  eye:  for,  if  it  be  fuppofed  capable  of  diftin£k  vifion  at  a  diftance  (bme- 
what  lefs  than  12  inches,  yet  it  probably  is  far  fliort  of  being  able  to  coUefl  parallel  rays. 
The  human  cryftalline,  he  fays,  is  fufcepcible  of  a  much  greater  change  of  form. 

The  ciliary  zone  may  admit  of  as  much  extenfion  as  this  diminution  of  the  diameter  of 
the  cryftalline  will  require  ;  and  its  elafticity  will  aftift  the  cellular  texture  of  the  vitreout 
humour,  and  perhaps  the  gelatinous  part  of  the  cryftalline,  in  reftoring  the  indolent  form. 

He  queftions  whether  the  reti^ia  takes  any  part  in  fupplying  the  lens  with  nerves ;  but 
froin  the  analogy  of  the  olfa£iory  and  auditory  nerves,  he  thinks  it  more  reafonable  to 
fuppofe  that  the  optic  nerve  ferves  no  other  purpofe  thaa  that  of  conveying  fenfation  to  the 
brain. 

Although  a  ftrong  light  and  clofe  examination  are  required  in  order  to  fee  the  fibres  of 
the  cryftalline  in  its  entire  ftatc,  yet  their  diredion  was  demonftrated,  and  their  attach- 
ment (hewn,  without  much  difficulty.  In  a  dead  eye,  the  tendons  are  difcemible  through 
the  capfule,  and  fometimes  the  anterior  ones  even  through  the  cornea  and  aqueous  humour. 
When  the  dry  cryftalline  falls,  it  very  frequently  feparates,  as  far  as  the  centre,  into  three 
portions,  each  having  a  tendon  in  its  middle.  If  it  be  carefully  ftripped  of  its  capfule,  and 
the  fmart  blaft  of  a  fine  blow-pipe  be  applied  clofe  to  its  furface,  in  different  parts,  it  will 
be  found  to  crack  exactly  in  the  diredlion  of  the  fibres  above  defcribed,  and  all  thefe  cracks 
will  be  ftopped  as  foon  as  they  reach  either  of  the  tendons.  The  application  of  a  little  ink 
to  the  cryftalline  is  of  great  ufe  in  {hewing  the  courfe  of  the  fibres. 

Mr.  Young  was  not  at  firft  aware  that  the  mufcularity  of  the  cryftalline  had  ever 
been  fufpe£ted,  either  by  Defcartes  or  any  other  perfon.  But  the  laborious  and  ac- 
curate Lewenhoek,  to  whofe  writings  he  refers,  has  defcribed  the  courie  of  the  fibres  of 
the  cryftalline  in  a  variety  of  animals,  and  has  even  gone  fo  far  as  to  call  it  a  mufcle.  He 
4id  not,  however,  attempt  to  account  for  the  focal  adjuftment  of  the  eye  from  its  muf- 
cularity. ' 

The  remaining  part  of  Mr.  Young's  paper  is  employed  in  the  folution  of  fonie  optical 
queries,  not  immediately  relating  to  the  prcfent  objedl. 

In  Plato  XIII,  Fig.  i.  reprefents  a  vertical  fedlion  of  the  ox's  eye,  of  the  natural  fizeu 
A,  the  cornea  covered  by  the  tunica  conjunftiva ;  BCB,  the  fclerotica,  covered  at  BB  by 
the  tunica  albuginea  and  tunica  conjun£tiva  ;  DD,  the  choroid,  confifting  of  two  laminas) 
££j  the  circle  of  adherence  of  the  cho^id  and  fclerotica  \  FGj  FG,  the  orbiculus  ciliaris ; 
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HI,  HK,  the  urea ;  its  anterior  furfacc  the  iris  \  its  poftcrior  furfacc  lined  with  pigmentmi 
nigrum  \  IK,  the  pupil ;  HL»  HL,  the  ciliary  procefTes  covered  with  pigmentum  nigrum  \ 
MM,  the  retina i  N,  the  aqueous  humour;  O',  the  cryftalline  lens y  Yy  the  Titreous  bvunour$^ 
QR,  QR,  the  zona  crliaris  ;  RS,  RS,  the  annulus  mucofus. 

Fig.  2.  The  ftrudlure  of  the  cryftallnie  lens,  as  viewed  in  front,  likewife  of  the  naturaS 
feze  }'— l^g.  3-  a  fide  view  of  the  cryftalline. 

In  the  following  year,  1 79^,  a  communication  was  made  to  the  Royal  Society,  by  EvcrarA 
ilome,  Efq.  F.R.  S«  of  fome  fads  relative  to  a  preparation  for  the  Croonian  Le£lure,.bjF 
file  late  Mr.  John  Hunter.  He  dates  that  this  celebrated  anatomift  had  for  many  year» 
entertained  the  notion,  that  the  cryftalline  humour  was  enabled  by  its  own  internal  actions 
to  adjuft  itfelf  fo  as  to  adapt  the  eye  to  different  diftances ;  and  when  the  taenia  hydatigenx 
firft  came  under  his  obfervation  as  a  living  animal,  he  was  fur^rifed  to  fee  the  quantify  of 
contraction  chat  took  place  in  a  membrane  devoid  of  mufcular  fibres ;  but  made  ufe  of  the 
fafl:  in  his  inveftigation  of  the  ftrufture  of  ,thc  cryftalline  humour  of  the  eye.  Sonte 
tinie  after  this,  he  difcovered  the  fibrous  ftru£ture  of  the  cryftalline  humour  in  the  eye 
'cif  tlie  cuttle-fifh,  in  which  it  is  peculiarly  diftiu£t  \  and  thenee  he  was  led  to  confider  the 
exterior  part  of  this  humour  as  fimilar-in  all  animals.  It  wus  his  intention  to  have  afcer* 
tained  by  experiment,  whether  mufcular  adtion  does  in  faft  take  place ;  and  having  found 
that  a  certain  degree  of  heat  applied  through  the  medium  of  water  will  excite  mufcular  a£Hon^ 
'after  almoft  every  other  ftimulus  had  failed,  it  was  propofed  to  apply  this  to  the  cryftalline 
humour,  and  afcertain  its  eft^fts.  The  cryftalline  humour  taken  from  animals  recently  killed' 
muft  be  confidered  as  being  ftill  alive.  Such  humours  were  to  be  unmerfed  in  water  of 
idiftrent  temperatures,  and  pheed  in  fuch  a  manner  as  to  fonh  the  image* of  a  hteid,  welU 
Uefined  object,  by  a  proper  apparatus  for  that  purpofe,  fo  that  any  change  of  the  place  of 
that  image,'  from  the  ftiikiiilatihg  efiefEa  of  the  warm  water  upon  tlie  humour,  would  be 
readily  afcertained.  Thefe  Were  the  experiments  which  Mr.  Hunter  had  inftituted  ancE 
begun,  but  in  whiclh  he  had  not  miide  fuffieient  progreiis  before  his  death  to  enable  him  to» 
^w  any  conchifions, 

•  This  communication  coftt^s  ain  unfinilhed  letter  from  Mr.  Hunter  to  Sir  Jofeph  Bank9>, 
containing  fome  prefatory  obfervations  leading  to  the  ftatement  made  by  Mr.  Home.  It 
appears,  in  fa£t,  as  that  gentleman  remarks,  that  the  dlfcovery  of  a  fibrous  appearance  ia 
the  cryftalline  appertains  to  Lewcnhoek ;  but  that  the  difcovcry  of  an  eye  in  which  the 
ftruAure  is  uncommonly  diftind,  is  due  to  Mr.  Hunter. 

To  this  paper  is  annexed  a  plate  exhibiting  two  feflions  of  the  cryftalline  humour  of  the 
cutde-fifli. 

In  the  fecond  part  of  the  Tranfa£(ions'for  the  ftune  year,  I  find  a  paper  of  fome  length  on 
vifion,  by  Dr.  Hoflack.  This  author  fhews  in  the  firft  place,  tJiat  the  enlargement  or  con- 
tradlion  of  the  pupil  of  the  eye  is  infufficient  to  produce  the  adjuftment  by  which  the  rays  of 
light  fhall  converge  to  a  point  in  the  retina  j  and  in  faft  a  flight  obfervation  of  what  hap- 
pens is  fuffieient  to  flicw  that  the  variations  of  the  pupil  are  governed  by  different  circum- 
ftances.  He  controverts  Mr.  Young^is  dedudions  with  regard  to  the  mufcularity  of  the 
cryftalline>  and  even  difputes  the  fa£ls.  He  quotas  fome  authorities  to  (hew  that  the  eye 
!•  capable'  of  accommodating  itfelf  to  different  i^l&nces  without  the  alEftance  of  the  cryf- 
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talline,  as  after  couching  or  extradion*    For  thefe  and  other  reafons  his  attention  was 
more  particularly  dire^ed  to  the  external  mufcles. 

Upon  carefully  removing  the  eyelids,  the  mufcles  of  the  eye  prefent  themfelves  to  vievr.  in 
number  Gx  ;  four  called  re£ti  or  (Iraight,  and  two  oblique,  fo  named  from  their  dire£iion. 
InPlstte  XIII.  Fig.  4,  A  AAA  reprefent  the  tendons  of  the  redli  mufcles,  where  they  are  in- 
ferted  into  the  fclerotic  coat,  at  the  anterior  part  of  the  eye.  B,  the  fuperior  oblique,  or 
trochlearisi  as  fometimes  called,  from  its  paffing  through  the  loop  or  pulley  cpnnefled  to 
the  lower  angle  of  the  orbit  or  notch  in  the  qs  frontis  ;  it  pafles  under  the  fuperior  re£lus 
mufcle,  and  backwards  to  the  pofterior  part  of  the  eye,  where  it  is  infertcd  by  a  broad  flat 
tendon  into  the  fclerotic  coat.  C,  the  inferior  oblique,  arifing  tendinous  from  the  edge  of 
the  orbit  or  procefs  of  the  fuperior  maxillary  bone,  pafling  ftrong  and  flefhy  over  the  in- 
ferior re^^us,  and  backwards  under  the  abdu6ior  to  the  pofterior  part  of  the  eye,  where  it 
is  alfo  inferted  by  a  broad  flat  tendon  into  the  fclerotic  coat.  DDD,  the  fat  in  which  the 
eye  is  lodged.  In  Figure  5,  the  bones  forming  the  external  fide  of  the  orbit,  with  a  por- 
tion of  the  fat,  are  renooved,  by  which  we  have  a  diftinA  view  of  the  abdttflor.  ABC,  three 
of  th&  reAi  mufcles,  arifing  from  the  back  part  of  the  orbit,  pafling  ftrong,  broad  and  flefliy 
over  the  ball  of  the  eye,  and  inferted  by  flat  broad  tendons  into  the  fclerotic  coat,  at  its  in- 
terior part.  D,  the  tendon  of  the  fuperior  oblique  mufcle.  £,  the  inferior  oblique.  In  Fig.  6, 
A  reprefents  the  abduAor  of  the  eye.  B,  the  flefliy  belly  of  the  Aiperior  oblique,  arifing 
ftrong,  tendinous  and  flefhy  from  the  back  part  of  the  orbit.  C,  the  optic,  nerve.  Q  anc^  £, 
the  re£li  mufcles. 

The  ufe  afcribed  to  thefe  different  mufcles  is  that  of  direfling  the  axis  of  the  eye  towards  ^ 
the  different  obje£ts,  or  to  exprefs  the  paffions  of  the  mind.  But  Dr.  Hoflack  rationally  in- 
fers, from  the  general  application  of  the  combined  forces  of  mufcles  through  the  whole  of 
the  animal  fyftem,  that  this  fet  of  mufcles,  which  he  conceives  to  be  well  adapted  to  produce 
the  focal  adjuftment,  may  allb  be  employed  on  that  objeA.  He  afllimes,  as  the  neceflTary 
confequence  of  contraction  in  thefe  mufcles,  that  the  axis  of  the  eye  will  be  elongated,  and 
the  elaftic  cornea  rendered  more  convex ;  both  which  circumftances  would  tend  to  preferve 
diftinAnefs  of  vifion  with  regard  to  near  objeCls.  For  as  fuch  obje£ls  iflbrd  a  focal  image 
more  diftant  from  the  refrading'furface,  through  which  the  light  may  pafs,  the  elongation 
of  the  axis  will  be  of  advantage,  by  removing  the  retina  further  back  \  and  the  increafed 
convexity  and  (hortened  focus  of  the  cornea  will  conduce  to  the  fame  end.  ^ 

How  far  the  a£lion  of  the  re6li  mufcles  might  produce  an  elongated  figure,  is  perhaps 
capable  of  difpute*,  though  this  efle£l  will  probably  be  admitted  without  hefitation,  as  a  con- 
fequence of  the  contraction  of  the  oblique  mufcles.  But  to  put  the  matter  out  of  doubt, 
whether  this  organ  be  capable  of  having  its  focal  adjuftmeift  confiderably  varied  by  external 
preflure,  our  author  applied  the  common  fpeculum  oculi  to  his  own  eye«  With  a  very 
moderate  preflure,  while  dire£ting  his  attention  to  an  obje£t  at  the  diftance  of  about  twenty 
yards,  he  faw  it  diftinClly,  as  alfo  the  diflTerent  intermediate  obje£ls  \  but  endeavouring  to 
look  beyond  it,  every  thing  appeared  confufed :  he  then  increafed  the  preflure  confiderably;  in 
confequence  of  which  he  was  enabled  to  fee  objects  diftin£lly,  though  placed  much  nearer  than 
the  natural  focal  diftance.  For  example  :  he  held  before  his  eye,  at  the  diftance  of  about  two 
Inchesj  a  printed  book.  In  the  natural  ftate  of  the  eye,  he  could  neither  diftinguifli  the  lines 
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•nor  letters ;  but,  upon  making  prefTurc  with  the  fpeculum,  he  was  enabled  to  diftlngnifli 
both  the  lines  and  the  letters  of  the  book  with  cafe. 

Such  being  this  author's  conception  of  the  a£tion  and  efFe£t  of  the  external  mufcles,  he  has 
-proceeded  to  apply  the  dot^rincs  in  explanation  of  the  changes  the  eye  is  known  to  undergo 
at  different  periods  of  life -or  habits  of  occupation,  from  their  ftrength  in  early  life,  their 
debility  in  old  age,  and  their  habitual  a£lion  from  ufe.  Thcfe  and  other  general  fa£ls  are 
accounted  for  with  confiderable  addrefs. 

Mr.  Home,  the  brother-in-law  of  Hunter,  and  vindicator  of  his  pofthumous  fame,  was 
appointed  to  read  the  Croonian  lefture  on  mufcular  motion,  for  the  feffion  of  the  Royal 
Society  beginning  in  the  year  1794.  His  le£lure  is  peculiarly  valuable  for  the  experimental 
refults  it  exhibits.  In  profecuting  the  enquiry  pro]e£ked  by  Mr.  Hunter,  he  had  the  great 
advantage  of  the  aflSftance  of  his  friend  Mr.  Ramfden,  who,  in  converfing  upon  the  different 
ufes  of  the  cryftalline  humour,  made  the  following  obfervations : 

He  faid  that,  as  the  cryftalline  humour  confifts  of  a  fubftance  of  different  denGties,  the 
central  parts  being  the  moft  compact,  and  from  thence  diminifliing  in  denfity  gradually  in 
every  direction,  approaching  the  vitreous  humour  op  one  fide,  and  the  aqueous  humour  on 
the  other,  its  refraftive  power  becomes  nearly  the  fame  with  that  of  the  two  contiguous 
fubftances.  That  fome  philofophers  have  ftated  the  ufe  of  the  cryftalline  humour  to  be, 
-for  accommodating  the  eye  to  fee  objcfts.  at  different  diftances ;  but  the  firmnefs  of  the  cen- 
tral part,  and  the  very  fmall  difference  between  its  refraftive  power  near  the  circumference, 
and  that  of  the  vitreous  or  the  aqueous  humour,  feemed  to  render  it  unfit  for  that  purpofe; 
its  principal  ufe  rather  appearing  to  be  for  correfting  the  aberration  arifing  from  the  fpheri* 
cal  figure  of  the  cornea,  where  the  principal  part  of  the  refraction  takes  place,  producing 
the  fameeffeft  that,  in  an  achromatic  objedl  glafs,  we  obtain  in  a  lefs  perfeft  manner  by 
proportioning  the  radii  of  curvature  of  the  different  lenfes.  -  In  the  eye  the  correftion  feems 
perfeft,  which  in  the  objed-glafs  can  only  be  an  approximation ;  the  contrary  aberrations 
of  the  lenfes  not  having  the  fame  ratio ;  fo  that,  if  this  aberration  be  perfedUy  correfted,  at 
any  given  diftance  from  the  centre,  in  every  other  it  muft  be  in  fome  degree  imperfeft. 

Purfuing  the  fame  comparifon :  In  the  achromatic  objeft-glafs  we  may  conceive  how 
much  an  objeft  muft  appear  fainter  from  the  great  quantity  of  light  loft  by  refleflion  at  the 
furfiaces  of  the  different  lenfes,  there  being  as  many  primary  reflexions  as  there  are  fur- 
faces  ;  and  it  would  be  fortunate  if  this  refiefied  light  was  totally  loft.  Part  of  it  is  again 
reflected  towards  the  eye  by  the  interior  furfaces  of  the  lenfes;  which,  by  diluting  the  image 
formed  in  the  focus  of  the  objeA-glafs,  makes  that  image  appear  far  lefs  bright  than  it 
would  otherwife  have  done,  producing  that  milky  appearance  fo  often  complained  of  in 
viewing  lucid  objefts  through  this  fort  of  telefcope. 

In  the  eye,  the  fame  properties  that  obviate  this  dcfeft  ferve  alfo  to  correft  the  errors 
from  the  fpherical  figure,  by  a  regular  diminution  of  denfity,  from  the  centre  of  the  cryC- 
talline  outward.  Every  appearance  (hews  the  cryftalline  to  confift  of  laminx  of  different 
denfities;  and  if  we  examine  the  jundion  of  different  media,  having  a  very  fmall  difference 
of  refraftion,  we  fhall  find  that  we  may  have  a  fenfible  refradion  without  refleftion.  Now, 
if  the  difference  between  the  contiguous  media  in  the  eye,  or  the  laminae  in  the  cryftalline, 
be  very  fmallj  we  fliall  have  refraftion  without  having  reflexion :  and  this  appears  to  be  the 

ftate 


/. 


Adjujtmeni  of  the  Eye  deprived  of  the  CryJlaUtne*  3 1  f 

ftate  of  the  eye ;  for  although  we  have  two  furfaces  of  the  aqueous,  two  of  the  cryftalline, 
and  two  of  the  vitreous  humour,  yet  we  have  only  one  reflected  image ;  and  that  being  from 
the  anterior  furface  of  the  cornea,  there  can  be  no  furface  to  refied  it  back,  and  dilute  an 
image  on  the  retina. 

This  hypothefis  may  be  put  to  the  ted  whenever  accident  (hall  furnifli  us  with>fubje£b 
having  the  cryftalline  cxtraded  from  one  eye,  the  other  remaining  perfed  in  its  natural 
ftate ;.  at'  the  fame  time  we  may  afcertain  whether  or  no  the  cryftalline  is  that  part  of  the 
organ  which  ferves  for  viewing  obje£ts  at  difierent  diftances  diftindlly.  Seeing  no  re- 
flection at  the  furface  of  the  cryftalline,  might  lead  fome  perfoos  to  infer  that  its  refractive 
power  is  very  inconfiderable ;  but  many  circumftances  fliew  the  contrary:,  yet  what  it 
really  is  may  be  readily  afcertained  by  having  the  focal  length  and  diftance  of  a  lens  from 
the  operated  eye,  that  enables  it  to  fee  objeCls  the  moft  diftin£tly ;  alfo  the  focal  length  of 
a  lens,  and  its  diftance  from  the  perfeCt  eye,  that  enables  it  to  fee  objefis  at  the  fame  dif- 
tance as  the  imperfe£l  eye :  thefe  data  will  be  fufficient  whereby  to  calculate  the  refraClivs 
power  of  the  cryftalline  with  confiderable  precifiom 

Again,  having  the- fpherical  aberration  of  the  diiFerent  humours  of  the  eye,  and  having 
afcertained  the  refra£Hve  power  of  the  cryftalline,  we  have  data  from  whence  to  determine 
the  proportional  increafe  of  its  dcnGty  as  it  approaches  the  central  part,  on  a  fuppoficion 
that  this  property*  corre&s  the  aberratioir.. 

An  opportunity  prefented  itfclf  for  bringing  the  obfcrvations  of  Mr.  Ramfden  refpefling 
the  ufe  of  the  cryftalline  lens,  to  the  proof.  A  young  man  came  intaSt.  George's  Hofpital, 
with  a  cataraCt  iir  the  right  eye.  The  cryftalline  lens  was  readily  eztrafted,  and  the  union 
ef  the  wound  in  the  cornea  took  place  unattended  by  inflammation,  fo  that  the  eye  fuf- 
fered  the  fmalleft  degree  of  injury  that  can. attend  fo  fevere  ah  operation.  The  man  himfelf 
was  in  health,  2\  years  of  age,  intelligent,  and  his  left  eye  perfeCt :  the  other  had  been  an 
uncommonly  fliort  time  in  a  difeafed  ftate,  and  27  days  after  the  operation  appeared  to  be 
free  from  every  other  defed  but  the  lofs  of  the  cryftalline  lens. 

A  number  of  experiments  were  made  on  the  imperfeCl  eye,  aflifted  by  a  lens,  and  com- 
pared with  the  perfeA  eye.     The  aim  of  thefe  trials,  which  were  judicioufly  varied,  was  to 
afcertain  whether  the  eye  which  had  been  deprived  of  the  cryftalline  lens  was  capable  of  adr 
jufting  itfelf  to  diftin£t  vifion  at  difierent  diftances.     Among  other  refults,  the  perfect  eye, 
with  a  glafs  of  6|  inches  focus,  had  di{tin£i  vifioa  at  three  inches;  the  near  limit  was 
2|  inch,  the  diftant  limit  lefs  than  7  inches.    The  imperfe£l  eye,  widi  a  glafe  a-^ths 
niches  focus,  with  an  aperture  ^^-etbs  of  an  inch,  had  diftin£t  vifion  at  2^  inches,  the  near 
limit   i|-inch,  and  the- diftant  .limit  .7  inches.  ..The  accuracy  with  which  the  eye  was 
brought  to  the  fame  point,  on  repeating  the  experiments,  proved  it  to  be  uncommonly  corre£t ; 
and  as  he  did  not  himfelf  fee  the  fcale  ufed  for  admeafurement,  there  could  be  no  fource  of 
-fallacy.     From  the  refult  of  this  experiment  it  appears  that  the  range  of  adjuftment  of  the 
imperfeft  eye,  when  the  two  eyes  were  made  to  fee  at  nearly  the  fame  focal  diftance,  exceeded 
that  of  the  pe'rfeft  eye.     Mr.  RamOen  fuggefted  a  reafon  why  the  point  of  diftinft  vifion 
of  theimperfe£t  eye  might  appear  to  the  man  himfelf  nearer  than  it  was  in  reality;  namely, 
that  from  the  imperfection  of  this  organ,  he  might  find  it  eafier  to  read  the  letters  when 
they  fubtended  a  greater  angle  than  at  his  real;  point  of  diftinA  vifion.     The  experiraenrs, 
however,  appear  to  (hew  that  the  internal  power  of  the  eye,  by  which  it  is  adjufted  to  fee  at 
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diflTerent  diftances,  does  not  rcfide  in  the  crydalline  lens ;  at  lead  not  altogether*;  and  that  if 
any  agency  in  this  refped  can  be  proved  to  refide  in  the  cryilalline,  the  other  powerSj  what- 
ever they  may  be,  are  capable  of  exertion  beyond  their  ufual  limitSi  fo  as  to  perform  its 
office  in  this  refpedt. 

From  thefe  confiderations,  and  in  confcquence  of  other  reflc£^ions  tending  to  (hew  that 
an  elofigation  of  the  optical  axis  is  not  pro\>ably  the  means  of  adjuftment,  thefe  philofophen 
direfted  their  enquiries  to  afcertain  how  far  the  cur\'ature  of  the  coniea  might  be  fubjeft  to 
change.  They  found  by  trial  that  this  part  of  the  organ  pofleflcs  a  degree  of  elafticity  which 
is  very  confiderable,  both  iot  its  perfe<ftion  and  its  range  ;  and  by  anatomical  diflc&ion  it 
was  found,  that  the  four  ftraight  mufcles  of  the  eye  do  in  cSt(X  terminate  in  the  cornea  at 
their  tendinous  extremities ;  that  the  whole  external  lamina  of  the  cornea  coutd  by  gentle 
force  be  feparated,  by  means  of  thefe  mufcles^  from  tlie  eye  ;  fo  that  the  tendons  feem  loft 
in  the  cornea,  and  this  laft  has  the  appearance  of  a  central  tendon.  It  was  alfo  feen  that  the 
central  part  of  the  cornea  is  the  thickeft  and  the  mod  elaftic. 

Thefe  were  confiderable  advances  towards  eftabllibing  the  hypothcfis  of  adjuftment  by 
the  external  curve  of  the  eye.  It  remained  to  be  (hewn,  by  experiments  on  the  living  fub- 
je£t,  that  this  curve  does  really  vary  in  the  d\je  diredlion,  when  the  mind  perceives  the  dif- 
tind  vifible  fenfation  of  obje&s  at  different  diftances.  For  this  purpofe  Mr.  Ramfden  pro* 
vided  an  apparatus,  confiding  of  a  thick  board  deadily  fixed,  in  whiqjh  was.  a  fquare  hole  large 
enough  to  admit  a  perfon's  face  \  the  forehead  and  chin  reding  againd  the  upper  and  lower 
bars,  and  the  cheek  againd  either  of  the  fides  *,  fo  that  when  the  face  was  protruded,  the 
head  was  fteadily  fixed  by  reding  on  three  fides ;  and  in  this  pofition  tiie  left  eye  proje£teil 
ijeyond  the  outer  farface  of  the  board.  A  microfcope,  properly  mounted,  fo  as  with  eafe  to 
be  fet  in  every  requifite  pofition,  was  applied  to  view  the  cornea  with  a  magnifying  power  of 
thirty  times.  In  this  fituation,  the  perfon  wbofe  eye  was  the  obje£b  of  experiment  was 
defired  to  look  at  the  comer  of  a  chimney,  at  the  didance  of  235  yaxds,  through  a  fmall 
hole  in  a  brafs  plate,  fixed  for  that  purpofe,  and  afterwards  to  look  at  the  edge  of  the  bole 
itfelf,  which  was  only  fix  inches  didant.  After  fome  management  and  caution,  which  the 
delicate  nature  of  thefe  experiments  requires,  the  motion  of  the  cornea,  which  was  imme- 
diately perceptible,  became  very  diftinA  and  certain.  The  circular  feftion  of  its  furface 
remained  in  a  line  with  the  wire  in  the  field  of  the  microfcope,  when  the  eye  was  adjufted 
to  the  didant  object,  but  proje£ted  confiderably  beyond  it  when  adapted  to  the  near. one. 
When  the  didant  obje£t  was  only  90  feet  from  the  obferver,  and  the  near  objeft  fix  inches, 
the  difitrence  in  the  prominence  of  the  cornea  was  edimated  at  i-8ooth  of  an  inch.  Thefe 
experiments  were  repeated  and  varied  at  dJfierent  times  and  on  difiercnt  fubjeils.  The 
obferver  at  the  microfcope  found  no  difficulty  in  determining,  fr«m  the  appearance  of  the 
cornea,  whether  the  eye  was  fixed  on  the  remote  or  the  near  objeft. 

From  thefe  diffisrent  experiments  Mr.  Home  confiders  the  following  feSs  to  have  been 
afcertained : 

I.  That  the  eye  has  a  power  of  adjuding  itfelf  to  different  didances  when  deprived  of  the 
crydaUine  lens ;  and  therefore  the  fibrous  and  laminated  drufture  of  that  lens  is  not  in- 
tended to  aker  its  form,  but  to  prevent  refleftions  in  the  paffage  of  the  rays  through  the 
furfaces  of  media  of  different  denfities,  and  to  corre<a  fpherical  aberration. 

a.  That  the  cornea  is  made  up  of  laminae ;  that  it  is  eladic,  and  when  ftrctched  is  capable 

of 
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of  being  elongated  i»  t  iiii  piirt  of  its  diameter^  contra£liag  to  its  foraier  length  immediately 

li^on  being  left  t6  itfelf. 

.   ).  Thflst  the  tendons  of  :the  four  ftraight.mufcles  of  the  eye  are  continued  on  to  the  edge 

of  the  cornea,  and  terminate,  or  are  inferted,  in  its  external  laminx :  their  aftion  will  theie- 

fbrc  extend  to  the  edlge  of  the  cornea.  , 

4.  That  in  changing  the  focus,  of  the  eye  from  feeing  with  parallel  rays  to  a  near  dif- 
-tance,  there  is  a  viGble  alteration  produced  in  the  figure  of  the  cornea,  rendering  it  more 

convex ;  and  when  the  eye  is  again  ^adapted  to  parallel  rays,  the  alteration  by  which  the 

cornea  is  brought  back  to  its  former  llate  is  equally  vifiblc. 

'  The  refnaining  part  of  Mr.  Home^iyfcfture  contains  fome  obfervations  upon  the  mufcular  and 

elaftic  powers,  which  by  their  oppofition  produce  fo  curious  an  efFedl  in  the  adjuilment  of  the 
^ye.  The  feparate  aftion  of  the  mufcTes  produces  a  change  in  the  dire^ion  of  the  axis  of  the 

eye.  A  fmall  force  of  contraftion  in  the  whole  fyftem  will  ftcady  the  eye,  and  a  greater  force 
will  comprefs  the  lateral  and  pofterior  parts  of  the  eye,  and  render  the  cornea  more  convex. 
The  experiments  prove  that  the  eye-ball  cannot  recede  in  its  orbit  by  thefe  a£lions.  Other 
inftanc^  in  the  animal  occbnoiftiy,  by^mean^  of  which  the  expenditure  of  mufcular  a£lion  is 
favcd  by  the  operation  of  elaftic  antagonifts,  are  alfo  dated  by  this  author.  The  exertion 
required  to  adjult  me  eye  to  near  diftdnceis,  and  the  daft  With  which  it  was  adapted  to  re« 
mote  objefls,  prove  that  the  firft  was  ^  poGdre  aftionj  and  the  fecond  a  relief.  The  de- 
fe£l  of  elafticity  itifetred  to  arife  from  age  19^  happily  applied  to  explain  the  changes  of 
vitfon'  \v<itch  take  plice  xn  advamced  Hfe. 

Two  other  cditimtmications  to  the  lloyal  Society  by  this  phildfbpher,  and  one  by  Mr. 
Smith  dn  the  eyefi  of  birds^  remain  to  be  confidered ;  but,  on  account  of  the  length  of  this 
communication,  I  (hall  for  the  pfefent  deffer  them. 


.  ■   ■      V. 
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EVER  AL  philofophers  have  pa^d  attention  to  the  properties  of  the  fulphurcous  acid, 
^nd  fome  of  its  combinations  ;  but  ho  one  has  given  a  complete  account  of  this  acid. 

Berthollet  is  almoft  the  only  chemift  who  has  i:^ned  this  inveftigadoa.  He  is  the  firft 
who  publifhed  any  accurate  account  of  the  fubje£l  f . 

We  (hall  not  in  this,  place. defcribe  cither  the  apparatus  or  method  of  preparing  thisacid, 
becaufe  both  are  well-known  to  fuch  as  are  moderately  acquainted  with  ch^miftry. 

L    Phyftcal  FropertUs  if  the  Sulphureous  Jcid, 

THIS  acid  conditutes  a  permanent  elaft'ic  fluid  at  the  ordinary  prefiure  and  temperature 
of  our  atmofphere.  Its  odour  is  ftrdng  and  fufibcating.  It  cannot  maintain  combuftion, 
nor  the  rcfpiration  of  animals. 

Bergman,  in  his  Treatife  on  Elcftive  Attraftion,  affirms  that  the  fulphureous  acid,  prc- 

■   '  ■    •  ■  ■  . 

^  ](Mmt\  de  I'Ecolo  Bol)  ceckniqtte,  cahtev  IV.  p;  445..  f  Aonal^s  de  Chimie,  II.  54. 
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pared  in  the  pneumatic  npparattu  over  mercury,  eannot  be  reduced  to  the  liquid  ttntt  \pf 
any  known  means*  Mongc  and  Clouet  aflirm,  on  the  contrary,  tliat  by  the  application  ot 
extreme  cold,  and  a  (Irong  preiTurc  exerted  at  the  Eune  time  on  this  gas,  they  rendered  it 
lit^uid. 

its  fpecific  gravity,  according  to  Bcrgmair,  is  0)00246,  and  0,00259,  according  to  La-- 
voifier ;  M'hich  correfponds  with  1.508  grains  the  inch  cube,  and  4  02.  5  gros  the  foot  cube 
(French  weights  and  meafurcs). 

//.     Chemical  Propirties  of  the  Sulphureous  Acid. 

j^^ion  0/ Caloric.']  Prieftlcy  >and  Berthollet  affirm,  that  the  fulphureous  acid  gas,  expofed* 
to  an  elevated  temperature,  depoCts  a  portion  of  fulphur,  and  becomes  converted  into  fuU 
phuric  acid.  Bergman  relates  the  fame  hOt.  This  experimenty  repeated  in  feveral  dif- 
ferent ways,  did  not  afford  us  the  fame  refult. 

///.     Aclion  of  Oxygene  Gas. 

ONE  part  of  dry  oxygene  gas,  and  two  parts  of  fulphureous  add  gas,  prepared  in  the 
mercurial  apparatus,  and  mixed  togetlier,  fufTered  no  remarliable  change  during  the  courfe 
of  feveral  months.  If  a  fmall  quantity  of  water  be  added  to  the  mixture,  a  fucceflive  ab* 
forption,  after  the  diminution  which  is  produced  by  the  combination  of  a  portion  of  the 
fulphureous  acid,  is  perceived  \  which  proves  the  exiftence  of  a  true  combination  between 
thefe  two  bodies.  In  fa£l|  when  the  mixture  is  waOied,  after  the  expiration  of  feveral 
months,  the  rcftdue  of  oxygene  is  found  to  be  lefs  than  the  original  quantity. 

The  attra£tIon  of  the  water  for  the  fulphuric  acid  is  therefore  favourable  to  the  union  of 
the  oxygene  with  the  fulphureous  acid.  We  were  not  able,  however^  to  convert  the  whole 
of  the  fulphureous  acid  into  fulphuric  acid,  though  in  all  our  experiments  oxygene  gas  re** 
mained  in  the  apparatus. 

The  fulphureous  acid  is  immediately  converted  into  fulphuric  acid,  by  paOing  a  mixture 
of  this  gas  and  of  oxygene  gas  through  an  ignited  tube.  A  very  dcnfc  white  fume  is 
formed,  which  becomes  condenfed  into  the  liquid  form,  in  a  bottle  placed  for  that  purpoie 
at  the  other  extremity  of  the  tube. 

It  feveral  times  happened,  when  by  accident  we  had  ufed  the  exaft  proportions,  that  tbt 
two  gafes  were  entirely  deftroyed,  and  not  an  atom  of  (elaftic}  refidue  was  percehred; 

IF.     The  Aaion  of  Water. 

WHEN  the  fulphureous  acid  gas  was  pafled  into  water  cooled  by  means  of  ice,  the 
combination  was  made  with  fuch  rapidity  that  not  a  fingic  bubble  rofe  to  the  furface^of  the 
liquor  until  it  was  faturated.  The  ice  is  fpeedily  melted ;  which  proves  that  much  caloric 
is  difengagcd.  The  water  acquires  at  this  temperature  the  0,15th  part  of  its  weight.  Its 
fpeciftc  gravity,  compared  with  that  of  pure  water,  is  as  1020  to  1000. 

Water  thus  faturated  with  the  fulphureous  acid,  and  expofed  to  the  temperature  of  15 
degrees  above  zero  (Reaumur),  immediately  becomes  filled  with  an  infiwty  of  fmall  bubbles, 
which  fucceflively  increafe,  and  rife  to  the  furface.  If  a  bottle  full  of  this  acid  be 
plunged  in  hot  water,  it  boils  with  aftonifliing  rapidity,  and  lofes  by  this  operation  part  of 
k^  odour  and  acidity*    It  cannot,  however,  be  eafily  deprived  of  thefe  qualities,  even  by 

2  boiJing', 
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boiling.  Ttis  acid  freezes  at  a  few  degrees  below  zero,  or  the  freezing  point  of  water  ; 
and  what  mary  appear  adonifhing  is,  that  not  the  fmalled  portion  of  gas  is  difengaged,  as 
happens  when  the  other  gafcs  are  diffolved  in  water. 

Thefc  experiments  prove,  i.  That  the  colder  the  water  the  more  it  abforbs  of  fulphureous 
add.  2.  That  the  combination  of  thcfe  bodies  is  accompanied  with  heat.  3.  That  fuch  a 
rombination  cannot  prcferve  at  a  more  elevated  temperature  all  the  acid  it  was  charged 
Vith  at  a  lower  degree  of  heat.  4.  That  this  combination  paiTcs  to  the  folid  ftate  by  cooling, 
without  undergoing  decompofition ;  a  fad  which  ihews  a  great  affinity  of  water  for  the 
fulphureous  acid,  and  a  weak  attra£lion  of  this  lad  for  caloric. 

V.    A8ion  of  Acids  upon  the  Sulphureous  Acid. 

*.  ABion  if  the  Sulphuric  Acid.]  We  caufed  fulphureous  acid  gas  to  pafs  through  the  fulphu- 
ftc  acid  cooled  by  a  mixture  of  ice  and  fait.  In  proportion  as  the  acid  gas  was  extricated, 
it  combined  with  the  fulphuric  acid  without  one  fingle  bubble  arriving  at  the  upper  part. 
Soon  afterwards  the  whole  of  the  acid  became  congealed ;  notwithftanding  which  the  com* 
4>ination  continued  to  be  made. 

From  time  to  time,  the  tube  through  which  the  fulphureous  acid  pafled  was  obftruAed, 
•and  required  to  be  withdrawn  out  of  the  fluid.  By  this  treatment  the  matter  flowed)  and 
a  quantity  of  gas  was  difengaged  in  the  form  pf  bubbles.  The  folid  combination  had  no  very 
perceptible  fmell  while  it  retained  the  form  of  ice ;  but  when  a  portion  was  taken  out,  and 
Isud  upon  a  plate  of  glafs,  it  exhibited  an  efiervefcence  like  that  of  marble  when  an  acid  is 
foured  on  it,  and  foon  afterwards  it  became  liquid  and  very  odorant.  . 

When  the  temperature  of  the  mixture  of  fait  and  ice  had  rifen  to  the  freezing-water  point, 
part  of  the  folid  mafs  became  liquid,  and  bubbles  were  formed  which  rofe  up  in  the  empty 
part  of  the  vafe ;  but  as  this  was  exa£lly  clofed,  they  cryftallized  on  the  fides  in  the  form  of 
the  leaves  of  fern. 

A8ion  of  the  Nitric  Acid.^  The  fulphureous  acid  decompofes  the  nitric  acid,  particularly 
when  this  laft  is  in  a  concentrated  ftate.  The  fluid  immediately  becomes  red,  and  foon  after- 
wards hot,  with  a  difengagement  of  nitrous  gas  frequently  mixed  with  a  fmall  quantity  of 
fulphureous  acid.  The  fulphureous  acid  is  changed  by  this  operation  into  fulphuric  acid,  for 
it  abundantly  precipitates  the  muriate  of  barytes*  Hence  it  is  proved,  that  tlie  fulphureous 
acid  has  more  affinity  with  oxygene  than  the  nitrous  oxide.  This  truth  is  confirmed  by  the 
converGon  of  fulphur  into  fulphuric  acid  by  means  of  the  nitric  acid. 

A^ion  of  the  Oxygenated  Muriatic  Acid.^  If  the  oxygenated  muriatic  acid  gas  and  the 
fulphureous .  acid  gas  be  brought  into  contaft,  white  fumes  are  afforded ;  the  two  gafes 
become  immediately  liquid,  and  lofe  tlieir  odour,  if  they  have  been  employed  in  f^itnblc 
proportions.  The  fame  effc£ls  take  place  when  thcfe  two  acids  are  mixed  together  in  the 
liquid  ftate,  namely,  the  lofs  of  odour  and  colour.  From  the  a£lion  of  thefe  two  bodies  on 
each  other,  fulphuric  acid  and  common  muriatic  acid  are  produced.    The  theory  of  this"  ^ 

operation  is  nearly  the  fame  as  that  of  the  preceding  experiment. 

VL     ABion  of  comhujlihk  Bodies  on  the  Sulphureous  Acid. 

The  ABion  of  Hydrogene.]  Thefe  two  fubftances  have  no  mutual  a£tion  in  the  cold  \  but 
if  they  be  pafled  through  a  tube  of  glafs  or  porcelaine  well  heated,  in  the  proportion  of 
tliree  parts  by  meafure  of  hydrogene  gas  and  one  part  of  fulphureous  acid  gas,  the  latter  is 

S  f  2  dccompcfed. 
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decompofed.  Sulphurated  hydrogene  gas  is  formed^  and  ^the  extremity  of  the  tube  oppofie^ 
to  that  at  which  the  gafes  wereintroducsed,  very  abundant  crydals  of  fulphur  are  depofiteda 

Hydrogene  therefore,  at  an  elevated  temperature,  has  more  affinity  with  oxygcnc  than 
fulphurbas.  Confequently  it  is' not  probable,  as  fome  perfous  imagiue>  that  fulphur  may 
be  burned  by  means  of  water  to  convert  it  into  fqlphuric  acid, 

%bf  AElkn  of  Phofphorus.l  Phofphorus  docs  not  alter  the  fulphurcaus  acid.  Whcflthclc 
two  fubftances  are  (Irongly  heated  in  a  glafstube^  nothing  pajQTes  which  indicates  -  the 
decompofition  of  the  fulphureous  acid.  The  phofphorus  becomes  fixed  in  cooling  iijtlic 
form  oY  tranfparent  drops  which  do  not  contain  an  atom  of  fulphur>  and  the  fulphureous 
acid  gas  is  dill  found  to  pofTefs  all  its  properties. 

In  this  cafe,  therefore,  there  is  a  ftrongcr  adbefion  between  the  fulphur  and  oxygene  than 
between  the  phofphorus  and  the  fante  principle.  And  accordingly  this  combnAible  fub- 
ftance,  heated  with  fulphuric  acid,  does  not  deprive  it  of  mOfe  oxygcnc  than  exceeded  the 
conftitution  of  the  fulphureous  acid» 

A6lion  of  Phofphdrated  Hydrogene  Gas.]  As  foon  as  the  fulphureous  acid  gas  and  phofpho- 
rated  hydrogene  gas  come  into  conta£l,  a  white  fume  apjpears,  and  they  loic-thetf . fluid  {l»t«« 
Places  of  a  yellow  matter  are  precipitated  on  the  (ides  oi  the  cpntaining  yeflel^  whi<;h,  ^ke 
fire,  on  a  hot  iron^  (ird,  in  the  manner  of  phofphoriijSs  and ^t^tervKa^ds  with  the  chara^c^ 
of  fulphur.  It  follows  firom  this  experiment,  that  the  kjdrbgene  ia  the  only  fubftanee  which 
burns»  or  combines  with  oxygene,  in  thcfe  circumftancest  fi<^^^  ^hc  gafes  iiofe  their  elafticity^ 
and  the  phofphorus  and  fulphur  are  found  combined  together* 

A^hn  of  Sulphurated  Hydrogene  6ai^'\  The  fulphureous  actd  gas  U  decompofed  by  the 
fulphurated  hydrogene  gas.  The  hydrogene  takes  the  oxygene  from  the  fulphur,  and  thisIaO: 
principle  h  feparated  on  both  fides.  It  therefore  forms  a  veiy  abundant  depo&tioflu  When 
thefe  gafes  are  diflblved  in  water,  they  mutually  undergo  the  fame  decompofition^.  and:  the 
fulphur  then  precipitates  to  the  bottom  of  the  liquor  *•  If  fuitable  quantities  of  thefe  {blutions 
be  taken,  the  odour  of  both  difappears. 

ABiion  of  Cathcne,]  We  pafied  fulphureous  acid  gas  through  a  tube  of  glafs  containing 
ignited  charcoal.  At  the  extremity  of  the  apparatus  cryftallizcd  fulphur  was  depoiited,  and 
carbonic  acid  was  produced^  together  with  a  fmall  quantity  of  biiphurated  hydrogene  gas, 
from  a  portion  of  thei  water  which  was  decompofed.  This  decompofition  does  not  take 
place  in  the  cold; 

VIL     Combinations  of  the  Sulphureous  Acid  with  Alkalis. 

THE  fulphureous  acid  readily  unites  with  alkalis  and  earths.  The  generic  name  of  fulphites 
has  been  given  to  thefe  combinations.  They  may  be  prepared  in  two  ways ;  either  by  pre- 
fenting  the  aqueous  folutibn  of  the  fulphureous  acid  to  the  bafes,  or  by  applying  thc.acid  in 
the  ftatc  of  gas  to  thefe  bodies,  either  diflblved  or  mixed  with  water.  The  latter  method  is 
preferable,  for  feveral  rcafons  too  long  to  be  detailed  here. 

The  fulphureous  acid  being  very  different  from  the  fulphuric  acid,  it;  may  eafily  be  con- 
ceived that  its  combinations  ought  to  poflcfs  properties  not  at  all  refembling  thofe  of  the 
fulphates.  It  will  in  fad  be  feen,  that  thefe  falts  ppflefs  peculiarities  of  tafte,  folubility 
and  form,  which  belong  only  to  themfelves  5  and  that  tliey  arc  fubjeft  to  laws  of  attraflion 
aod  decompofition  altogether  different  from  thofe  of  the  fulphates.  . 

*  Fourcroy,  Analyfc  de  T  E^u  d'Enohicn. 
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The  proportions  of  priQcifle^  which  conflitute  the  fulphttes  not  having  been  yet  deter- 
mined, we  cndeaTOured  to  afcertain  a  method  which  migh(  lead  us  a«  near  as  poi&bk  to 
the  truth  ;  but  it  could  not  be  applied  to  all  the  kinds  of  fulphitc,  on  account  of  the  difa- 
greemcnt  of  their  properties  y  fo  ihat  wo  .were  under  the  neceffity  of  employing  feveral. 
methods. 

.  Ti)€  Sulphite  of  Poi^ajh."]  Sulphureous  acid  gas  was  pafled  into  a  fatuxated  folution  of 
very  pure  carbonate  of  pot-afh,  until  the  effervefcence  entirely  ceafed.  During  this  combi- 
nation, a  fmali  quantity  of  caloric  is  dileng^ged,  and  the  folution  cryftallizes  by  cooling. 

This  fait  is  ufually  white  and  tranfparent ;  fometimear  it  isflightly  yellow  and  femi-ifanfpa- 
rent,  if  its  folution  has  been  very  concentrated,  and  the  cryftallization  confufed.  Its  tafte  is 
penetrating  and  fulphureous,  its  figure  that  of  a  longjhomboidal  place  \  its  cryftallization 
often  preienta  foiall  needles  diverging  from  a  common  centre. 

When  expofed  to  a  fudden  heat  it  decrepitates,  and  lofcs  its  water  of  crydarlitzLation ;, 
afterwards  by  ignition  it  emits  fome  yapours  of  fulphureous  acid  \  and  at  length  a  poition 
of  fulphui  is  feparared,  and  the  rcGdue  is  fulphate  of  pot-afli  with  a  Aight  exce&  of  alkali. 

By  expofure  to  air  it  flightly  eflElorefces,  becomes  opake  and  hard,  its  penetrating  fulphui- 
reous  tafte  difappears,  and  it  acquires  another^  which  is  acrid  and  bittcrr'  In  this  ftate  it  no 
longer  effervefces  with  acids.  ^ 

If  this  experiment  be  made  in  a  clofed  apparatus  with  oxygene  gas,  it  b  found  that  the 
volume  of  the  gas  is  diminifhed,  and  that  it  is  even  totally  abforbed  when  the  quantity  is  pro- 
perly regulated.  We  fee  therefore  that  the  fulphite  of  pot-a(h  may  be  converted  into  ful- 
phate l)y  depriving  it  of  a  portion  of  its  fulphur  by  fire,  or  by  introducing  a  quantity^  o£  oxy- 
gene at  a  low  temperature.  .     ""  .         . 

The  fulphite  of  pot-afh  iaibluble  In  a  quantity  of  water  nearly  equal  to  Its  own,  mais; 
and  this  folubility  is  increafed  by  heat. 

This  fait  is  decompofed  by  lime  and  by  barytes,  as  may  be  fhewn  by  pouring  lime  water 
into  a  folution  of  the  fulphite  of  pot-aih.  A  white  .precipitate  is  affiMKied^  whseh*  i^  the  ful- 
phite of  lime,  and  the  pot-afh  remains  difengaged  in  the  water. 

The  fulphureous  acid  does  not  therefore  follow  the  fame  laws  of  affinity  as  the  fulphuric 
acid,,  fmce  this  laft  adheres  more  Qrongly  to  pot-alh  than  to  lime. 
The  alkalis  do  not  change  the  nature  of  the  fulphite  of  pot-afh. 

Among  the  acids,  fome  decompofe  the  fulphite  of  pot-aih  by  feparating  the  fulphureous 
acid  \  others  change  its  nature  without  driving  off  its  acid,  but  by  affording  a  portion  of 
oxygene,  and  converting  it  into  fulphuric  acid.  The  firft  of  thefe  efFefls  is  produced  by  the 
fulphuric,  muriatic,  phofphoric  and  fluorjc  acids  j  the  fecondis  effcvEtedby  the  nitric  and  tte 
oxygenated  muriatic  acids.  The  acids  of  borax  and  of  carbo  do  not  occaGon  any  change  in 
the  cold. 

When  the  fulphuric  acid  is  poured'on  the  fulphite  of  pot-afli,  a  rapid  efFervefcence  takes 
place  with  a  crackling  noife|  at  the  fame  time  that  much  caloric  is  difengaged. 

The  nitric  acid,  on  the  contrary,  emits  red  vapours,  mixed  only  with  a  fmall  quantity  of 
fulphufeous  acid,  and  the  \  refidue  is  compofed  of  a  mixture  of  the  fulphate  and  nitrate  of 
pot-afh. 

The  oxygenated  muriatic  acid  mixed  with  the  fulphite  of  pot*afh  imm^iatcly  lofes  Its 
fmell,  and  the  fluid  is  deprived  of  its  fulphureous  tafte. 

If 


3^6  Sulphate  of  Pot-JJh.^^Alum. 

If  the  folution  of  the  fulphhe  of  pot-afh,  and  alfo  that  of  the  oxygenntcd  muriatic  acid, 
Ayt  both  concentrated,  cryftals  of  the  folph^e  of  pot-aih  are  formed  immediately  on  the 
^mixture. 

Charco:il'Convcrt5  the  fulpfiite  of  pot-afh  into  the  fulpTiurct  of  pot-afli.  ' 

Salts  with  bafes  of  pot-a(h  do  not  decompofe  this  fait. 

'fhofe  with  bafes  of  foda,  except  the  borate  and  the  carbonate,  arc  decompofed  by  the  ful« 
ophite  of  pot-afli. 

All  the  other  faltSy  of  which  the  acids  are  ftronger  than  the  fulphureous  acid,  are  equally 
decompofed  by  the  fulphiteof  pot-a(h. 

The  fupcT- oxygenated  nitrate  and  muriate  of  pot-a(h,  when  heated  with  the  dry  fuiphite 
-x>f  pot-afli,  take  (ire,  and  are  changed  into  fulphate. 

Several  metallic  oxides  a£t  upon  this  fait.  Some  are  entirely  reduced  to  the  metallic  ftate; 
-fuch  as  the  oxides  of  gold,  iilver  and  mercury:  others  are  brought  nearer  that  ftate ;  fuch  as 
-thofe  of  lead,  iron  and  manganefe,  at  the  maximum  of  oxygenation.  There  are  others 
which  change  the  nature  of  the  fuiphite  of  pot-afli  in  an  oppofite  diredion  to  thofe  which 
take  place  in  the  foregoing  cafes  5  that  is  to  fay,  which  convert  it  into  fulphate  by  depriving 
it  of  a  certain  quantity  4}f  fulphur,  with  which  they  form  fulphurated  oxides,  fuch  as  the 
oxides  of  arfenic,  and  of  iron  lightly  oxided^  butinjirder  that  this  operation  may  fucceed, 
it  isnecelTary  toboil  thefe'fubftances  a  long  time  in  water,  and  afterwards  to  add  to  the 
folution  an  acid,  which  occafions  a  coloured  precipitate,  at  the  (amc  time  that  the  (mell  of 
iulphurated  hydrogene  gas  is  emitted. 

All  the  ntetailic  folutions  except  the  carbonates  are  decompofed  by  the  fuiphite  of  pot« 
a{h  ;  and  as  moft  of  the  metallic  fulphitcs  are  infoluble,  diflTexent  coloured  precipitates  are 
formed,  according  to  the  nature  of  the  metal  and  its  ftate  of  oxidation* 

[Tq  be  continued^'} 
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VI. 

A  Memoir  on  the  Nature  of  the  Alum  of  Commerce y  .on  the  Exijlence  of  Pot-afh  in  this  Salt^  and 
en  various  ftmple  cr  triple  Combination  f  of  Alumine  wtbthe  Sulphuric  Acid.  Read  before  thi 
National  Infiitute  of  France,     By  Citizen  VaV^£LIN  *• 

An  my  memoir  on  the  leucite  or  white  grenate,!  have  annoimced  that  many  natural  earths 
and  ftones  contain  pot-afli  in  a  ftate  of  combination^  and  I  founded  my  opinion  at  that 
time  on  the  impoflibility^of  obtaining  folid  cryftallized  alum  in  o£lahedrons  by  the  imme- 
diate combination  of  fulphuric  acid  and  pure  -alumine,  whatever  precautions  were  taken  to 
dear  it  of  the  cxcefs  of  acid,  without  the  addition  of  alkalL 

The  necefljty  4)f  this  addition  has  long  been  known  in  the  alum  works,  more  particu- 
Jarly  In  the  treatment. of  the  mother  waters ;  and  it  was  thought  that  the  ufc  of  pot-a£h  in 
this  circumftance  was  merely  to  faturate  the  excefs  of  acid,  which  was  fuppofed  to  prevent 
the  cryftallization  of  the  alum.    Ncverthelefs,  the  remark  made  by  Bergman,  that  foda  and 

*  This  important  Memoir  is  infcrtcd  inthc  Annal^s  de  Chimic,  XXII.  458,  whence  I  have  tranflaicd  it* 

limCj 


Hme,  employed  Inftead  of  pot-aOi  or  ammoniac  in  the  treatment  of  the  mother  waters,  do 
not  favour  the  cryftallization  of  the  alum>  ought  to  have  produced  a  change  in  the  general 
opinion  refpe^ng  the  a£lion  of  pot-  afli  or  ammoniac  "*.  This  learned  chemift  had  like* 
wife  afcertained,  that  feveral  alums  decompofed  by  ammoniac  afforded  by  eraporation  tho 
true  fulphate  of  pot-aih,  the  bafis  of  which  might  be  afforded,  according  to  him,  either  from 
the  argillaceous  earth  in  which  vegetables  had  been  decompofed,  or  from  the  wood-afhes 
intentionally  added,  or,  laftly,  from  a  cafual  mixture  during  the  calcination  of  the  ores* 
And  he  concluded  from  thefe  obfervations,  that  the  fulphates  of  pot-a(h  and  of  alumine 
unite  together  in  the  ftate  of  a  triple  fait  f* 

Though  Bergman  appears  to  fufpe£l  that  pot-aOi  is  neceflary  to  the  formation  of  alum> 
yet  he  does  not  venture  to  affirm  it  ^  at  may  eafiiy  be  feen  in  the  courfe  of  his  differtation :  fo 
that  this  queftion  remained  ftiil  undecided.  In  fa&,  we  fee  by  another  paflage  :|:,  that  Berg-- 
man  falls  into  the  common  opinion,  by  confining  the  effe^  of  the  alkalis  to  the  fimple  fatu- 
ration  of  the  excefs  of  acid,  exifting,  according  to  him  and  all  other  authors,  in  the  aluminous 
waters;  and  even  by  confidering  the  new  falts  formed  by  thefe  alkaline  fubdances  as  foreign 
bodies,  lefs  noxious  in  fa£t  than  ihe  excefs  of  acid,  but  which  cannot  however  be  fold  fov 

alum  §. 

If  the  only  effe£l  of  alkalis  in  the  management  of  aluminous  lixivia  were  to  fdturate  the 
excefs  of  acid  they  are  fuppofed  to  contain,  k  is  evident  that  any  other  rubftance  capable  of 
abforbing  this  acid  would  anfwer  the  fame  purpofe.  But  experience  has  proved  the  con* 
trary,  and  it  has  been  long  known  that  this  remarkable  property  belongs  exclufively  to  pot^ 
a(h  and  ammoniac. 

In  order  to  explain  thTs  obfcurc  ciixumftance  by  experiment,  I  diflblvcd  very  pure  aluminc 
in  fulphttricaeid  of  equal  purity.  I  evaporated  the  folution  feveraL  times  fucceffively,  even 
to  drynefs,for  the  purpofe  of  expelling  the  fupcrabundant  acid.  I  rcdiflblved  the  dry-  and 
pulverulent  reCdue  in  water,  and  reduced  the  folution  to  different  degrees  of  fpecific  gravity,, 
with  a  view  to  feize  the- point  mod  favourable  to  cryllallizatioii :  but  whatever  precautions  i 
took,  I  could  not  obtain  any  thing  but  a  magma  formed  of  faFine  plates  without  confiflencc* 

*  Notatudignnm  eft,  quod  hoc  cryftallifauonis  obftaculum  alcali  volatili  aequc  tollatur,  non  vcro  alcalT  mine- 
rail  et  calcc.     Bergman  dt  Confcdh  Aluminis,  pag.  325,  torn.  i.  Opufcula. 

f  Hoc  alcali  quod'inell,  vel  ex  ipf^  argill^   repetcnduin  quae  vegctabilium  putrcfaflorum  rcfidois  fait  inqui 
nata,  vel  ex  cmcribus  ftudio  additis,  vcl  denique  Tub  calcinationc  et  uftionc  fortutto  immixtR.    Intcrca  hinc  con* 
ftat,  quod  alumen  et  alcali  vegctabile'vitriolatum  faciU  connubium  iaeant,  qu6  fal  oritur  triplex.    Berg.  ibid. 

X  Allata  momenta  fufpicionem  movent,  quod  alcali  vcgetabtle  alumine  perRciendo  fit  neceflarium,  ideoqne 
•mne  alumen  perfe£ium  inftar  Talis  triplicis  refpiciendum :  iedli2c  conjcfturavaciljat;  n^meadcm  perfe£lio  alcali 
volatili  et  fpontane^  evaporatione  obtinetur.   Non  tamcn  improbandam  puto  additionem  alcali  vcgetabilis  et  dc- 
purati,  nam  heterogenea  magis  nocent  quam  juvant.     Berg,  ibidem. 

§  Ut  eo  puriusobtineatur  alumen  in  altera  cryftallizatione  nonnullis  in  locis  addltamenta  ufurpantur  alcalfna, 
calx  et  nrina.  Scilicet  multorum  annorum  expericnti^  compcrtum  eft,  lixivium  aHquando  tantam  et  adquirere 
coniiftentiam  (quod  in  officinis  pingucfcere  dicitur)  ut  et  cryflalK  aegre  fecemantur,  et  quae  prodeunt  variit  hete- 
rogeneis  irretitas  reperiantur.  His  incommodis  alcalinis  praefertim  obicem  ponere  tentatum  fuit,  qui!lm  lixivium 
Eciditate  abundaret.  Cincris  clavettati  ct  calx,  five  ufta  five  cruda,  acidum  abforbenr,  et  fi  juft*^  addcntur  dofi-, 
peregrina  noxia  re-vera  praecipitando  minuunt,  quod,  cognit&  lixiviorum  indole,  S.  IX.  luculentius  patebit. 
Urina  umen  nihil  efficit,  nifi  quatenus  alcali  volatili  praedita.  Ncgari  tamen  non  potcft  quin  novi  Tales  peregrini 
immiTceantur,  nimirum  alcali  vegetabile  vitriolatum,  vel  alii  pro  divcrTo  additamento^  fine  dubio,  TubUtis  -magis  . 
ianocui)  fed  nihilcmintti  proalumint  vendendi.    Berg,  ibid.  p.  3'^ 


^7.0  The  EfftBs  ^  Mfdb  ip  Alum. 

or  foUdityr  The  folution  here  fcfcribcd,  which  had  conftmtly  f cfufed  td  afford  cryilaQuBcd 
alum  alone,  afl=brdcd  it  immediately  by  the  addition  of  a  few  drops  of  the  folutioa  of  pot- 
afti ;  and  as  I  had  employed'  thefe  two  fubftanccs  in  the  xequifitc  propioxtioii,  the  reft  of  the 
folution  afforded  to  the  very  end  pure  aluiii  without  any  mixture  of  fulphate  of  pot^aflu 

Into  another  portion  of  the  fame  fohition  of  pure  alurainc  I  dropped  the  fame  quantity  of 
carbonate  of  foda  as  I  had  added  of  Ifliat  of  pot-a(h  to  the  former.  No  cryftallization  was 
formed,  even  by  the  help  of  evaporation. 

X.ime  andbarytes  produced  no  better  eifTcd. 

Thefe  experiments  began  to  confirm  the  opinion  I  had,  that  the  cryftallization  of  alum  is 
not  prevented  by  an  excefs  of  acid,  as  has  hitherto  been  thought,  and  that  pot*a(h  was  not 
of  ufe  fimply  to  faturate  thii  acid,  but  that  it  performed  an  office  of  more  importance.  For 
I  reafoned,  that  if  the  common  opinion  were  trucj  foda,  lime,  barytes,  and  all  the  fubftances 
which  by  a  more  powerful  force  would  take  this  acid  from  alum,  ought  to  give  the  fame  re* 
fult.  Another  argument  likewife  prefeAted  itfelf,  which  feemed  decifive.  If  the  alkalis,  pot^r 
afli  and  ammoniac  do  nothing  more  than  unite  to  the  fupef  abundant  acid  of  the  aluns,  the 
fulphates  of  pot-afli  and  of  ammoniac  ought  not  to  oecafion  any  change  in  pure  alum  in  its 
acidulated  (late ;  but  if  thefe  alkalis  enter  as  a  conftituent  part  into  the  alum,  and  are  neceC- 
fary  to  its  exiftence,  they  ought  to  produce  the  fame  effedrs  as  pure  pot^alh  or  ammoniaO. 

I  therefore  added  to  a  third  portion  of  the  folution  of  fulphate  of  ahimioe  before  tatn-* 
^ioned>  fome  drops  of  the  folution  of  fulphate  of  pot-afh  \  immediately  upon  which  oilafaedral 
alum  was  formed.    The  fulphate  of  ammoniac  prefented  the  fame  effed* 

This  refult  gave  dill  greater  confirmation  to  my  firft  notions,  though  it  did  not  yet  afibrd 
a  demonftration  perfe£tly  witliout  objedion.  For  it  might  have  happened  that  the  two  falts 
I  made  ufe  of  might  determine  the  cryftallization  of  the  alum,  fimply  by  abforbing  the  fuper^ 
fluous  acid,  of  which  they  are  very  greedy  *. 

To  determine  this  poflible  fa£^,I  mixed  in  thb  uncryftallizable  folution  of  alumine  fame  of 
the  acid  fulphate  of  pot-a(h,  and  obtained  a  cryftallization  no  lefs  abundant  than  with  the 
neutral  fulphate  of  pot-afh. 

Thislaft  experiment  does  not  therefore  leave  any  doubt  with  regard  to  the  influence  and 
mode  of  adion  of  pot-afli  and  ammoniac  in  tlie  fabrication  of  alum.  This  a<f)tion  is  ftiU 
jnore  ftrongly  confirmed,  by  the  examination  of  the  alums  which  have  been  formed  by  the 
^rocefies  above  related.  For  in  this  manner  it  is  proved  that  they  contain  notablp  quantities 
of  the  fulphates  of  pot-a(h  and  ammoniac. 

'  Thefe  experiments  naturally  led  me  to  an  examination  of  the  different  alums  of  commerce. 
Bergman  had  already  announced,  though  in  an  indiftinfl;  manner,  that  not  only  the  common 
alum,  but  likewife  that  of  Rome,  when  decompofed  by  ammoniac,  afforded  traces  of  the 
fulphate  of  pot-alh  •,  and  Scheele  had  remarked  on  his  fide,  that  alum  which  does  not  con- 
tain pot-afti  is  not  fit  for  making  pyrophorus.  Bergman,  quoting  this  fa£l  from  Scheele, 
ihews  likewife  that  he  confidered  the  fulphate  of  pot-alh  in  alum  as  a  foreign  fubftance  f  • 

*  Ccterum  alumcn  non  tanium  vulgarc,  fed  etidm  romanum  alcali  voladli  praecipitatum  Uquorem  cxhibet, 
.i|ui  baud  raro  alcali  vcgeubile  vitriolatum  continet*    ibid. 

f  Alumen  hoc  inquinamenio  fpoliatum  pyrophoro  gcnerando  incptmn  eft :  quod  facile  expcriri  licet,  nam 
magma  aluminofum  diftindlam  rcfpuens  cryftallizationem,  nullum  praebct  pyrophomm,  moilo  confueto  tra^a- 
^Vim,  quamvis  idem  addito  alcali  vcgctabilis  pauxillo,  cximium  porrigat,  &c, 
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In/a£t»if  this  chcmifl  had  thought  pot-afli  eflentlal  to  the  conftitution  of  alum,  he  certainly 
would  not  have  thought  it  advifable  to  ufe  a  portion  of  the  clay  of  Cologn  to  deftroy  the 
excefs  of  acid  in  aluminous  waters.  For  this  addition  is  extremely  vicious,  and  I  am  con- 
vinced that  it  was  fuggefted  by  reafoning  rather  than  by  experiments  *. 

Out  of  all  the  kinds  of  alum  which  1  had  fubmitted  to  analyGs,  I  did  not  find  one  which 
did  not  afford  fulphate  of  pot-afli  or  of  ammoniac,  and  frequently  both  at  once.  I  ufed  the 
following  method  of  analyfis  :  In  the  firfl:  place,  to  dire£l  my  operations,  I  take  a  fmall 
quantity  of  the^  alum  I  wi(h  to  afiay,  which  I  difTolve  in  the  aqueous  folution  of  pure 
pot-afli,  and  flightly  heat  the  mixture.  \i  it  contain  fulphate  of  ammoniac,  a  ftrong  fmell 
of  volatile  alkali  is  immediately  perceived.  I  then  put  into  a  tubulated  retort  a  given  quan«- 
tity  of  this  fulphate  of  alumine ;  I  adapt  a  receiver  containing  a  fmall  quantity  of  water,  and 
then  pour  on  the  alum  a  folution  of  pot-afli  in  a  proper  quantity  to  decompofe  the  ful- 
phate of  ammoniac  and  alumine  at  once.  I  boil  this  mixture  for  a  quarter  of  an  hour,  at 
the  end  of  which  all  the  ammoniac  is  volatilized,  provided  no  more  than  three  or  four  doci- 
maftic  quintals  be  operated  upon.  I  combine  this  ammoniac  to  faturation  with  the  ful- 
phuric  acid,  and  the  quantity  of  fait  which  I  obtain  indicates  that  which  was  contained  in 
the  ammoniacal  fulphate  of  alumine. 

"When  the  pot-a(h  does  not  indicate  the  prefence  of  ammoniac,  which  is  very  feldom,  I 
follow  another  method  to  feparate  the  fulphate  of  pot-afli.  I  decompofe  the  alum  by 
means  of  ammoniac,  and,  after  having  waihed  the  precipitated  alumine,  I  evaporate  the 
liquor  to  drynefs,  and  heat  the  remaining  fait  in  a  crucible,  till  it  emits  no  more  white 
vapours  of  the  fulphate  of  ammoniac.  The  remainder  is  the  pure  fulphate  of  pot-a(h.  By 
thefe  analytical  methods,  I  found  that  one  pound  of  cryftallizcd  alum  contains  about  one 
ounce  64  grains  of  fulphate  of  pot-a(h  \  but  as  the  alum  contains  about  0^44  water  of  cryf- 
tallizaiion*  this  raifes  the  quantity  of  the- fulphate  to  one  ounce  7  gros  17  grains,  for  a 
pound  of  alum,  or  otherwife  for  cryltallized  alum,  about  0,070,  and  for  dry  aluoi|  0,125. 
When  the  alum  has  been  formed  with  volatile  alkali,  it  is  found  to  contain  the  fulphate  of 
ammoniac,  nearly  in  the  fame  proportion  as  the  fulphate  of  pot-afli.  Whence  it  follows, 
that  a  quintal  of  alum  prepared  with  pot-afli  contains, 

1.  Sulphate  of  alumine  —  —         .    — •  49 

2.  Sulphate  of  pot-alh  —  —  —  y 

3.  Water  —  —  —  —  44 
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When  the  alums  contain  both  the  falts  here  mentioned  at  once,  which  frequently  enough 
happens,  I  ufe  lime  inftead  of  pot-afli  to  difengage  the  ammoniac,  and  proceed  with  the 
refidue  as  before. 

It  may  therefore  be  atcertained,  by  thefe  fimple  eflays,  whether  pot-afli  or  ammoniac  or 
both  together  have  been  lifed  in  a  manufactory  for  the  preparation  of  alum.     This  proof 

•  Hujus  (Hxivii  magiftralis)  cantharo  duas  addidi  drachmas  argill*  Colonicniis  in  fubtilcm  comminatae  pul- 
[  vercm,  ct  pauci  aquae  humcftatae  ;  calore  cbuHitioncm  provocavi,  qua  per  decern  minutx   continuata,  et  pollca, 
Tcfrigeratione  pcrafta,  refidnam  fepatavi  argillam ;  lotam  ficcavi ;  tandpmque  pondcratione  invcni  15.5  graaa 
foluta,  quae  aluminis  augmcntum  141  granorum  indicant.     Berg,  ibidem. 
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may  be  of  fome  ntility  \  for  Bergman  pretends,  I  don't  know  on  what  /bundatloO)  tbat  urine 
communicates  to  alum  properties  M-hich  are  hurtful  in  dyeing  :  it  is  not  probable,  however^ 
that  this  chemift  aiferted  the  faft  without  proof.  In  all  the  works  where  putrid  urine  is 
employed  for  the  treatment  of  alum  waters,  the  alum  contains  the  fulphates  of  pot-afli 
and  of  ammoniac,  becaufc  the  combuftiblcs  which  fcrve  to  roaft  the  ores  depoGt  a  certain 
quantity  of  alkali,  which  unites  with  the  fulphuric  acid,  and  contributes,  according  to  its 
iproportion,  to  the  fonnation  of  a'greafcr  or  lefs  quantity  *. 

It  is  known,  from  the  experiments  of  Bergman  and  feveral  other  chemifts,  that  by  boiling: 
a  folution  of  ordinary  alum  with  pure  alumine  in  a  very  divided  (late,  this  laft  combiner 
with  the  alum,  and  renders  it  infoluble  in  water ;  that  is  to  fay,  it  converts  it  into  the- 
ftate  of  neutral  fulphate  of  aluminc,  or  faturated  with  its  earth  I  have  repeated  this  ex* 
perimcnt  with  the  defigu  to  afcertain  whether  the  fulphates  of  pot-afh  and  ammoniac  arc 
precipitated  with  the  alum  ;  and  I  immediately  obferved,  that  the  combination  does  not 
take  place  but  by^means  of  heat,  though  I  ufed  alumine  recently  precipitated  from*  a  folu- 
tion, and  dill  humid ;  and  that  at  the  end  of  a  certain  time  the  alum  was  entirely  pre«- 
cipitated,  and  fcarcely  any  figns  of  it  left  in  the  water.  I  re-difiblved  the  alum  thus  pre^- 
cipitated,  in  diluted  fulphuric  acid,  and  this  (blution  afforded  very  fine  cryd'als  of  oAahedrat 
alnm  by  cooling ;  whence  it  follows  ^hat  the  pot-a{h  and  ammoniac  did  fall  down  with  the 
fiilphate  of  aJumine,  and  joined  in  the  formation-  of  this  quadruple,  earthy,  taftefefs  fait.  I 
at  firft  imagined  that  this  faA  might  ferve  to  explain  how  it  fometlnies  happens  ^at  alu* 
minous  waters,  pafled  over  materials  lefs^rich  dian  thofe  from  which  tliey.  were  obtained), 
diminifhed  in  denfity  by  the  lofs  of  a  portion  of  the  acid  neceflary  to  the  folution  of  the 
alum  \  but  as  the  combination  Is  not  made  withoutlieat,  and  it  requires  a  great  divifion  in 
the  alumine,  I  preftime  that  this  effed  is  owing  to  another  caufe :  neverthelefs,  it  might 
be  poifible,  in  the  procefs  of  time,  efpecially  in  hot  weather,  that  fomething  of  this  nature 
might  happen,  ft  was  interefting  to  determine  what  happens  with  regard  to  the  fulphates 
of  pot-aOi  and  ammoniac  in  the  precipitation  of  ahim  by  its  own  bafe.  I  therefore 
boiled  a  folution  of  pure  fulphate  of  alumine,  that  is  to  lay,  which  contained  no  alkali^ 
and  was  not  cryflallizable,  with  a  certain  quantity  of  die  eardi  in  a  very  divided  ftate.  It 
diflblved  a  fmall  quantity,,  loft  its  flight  acidity,  but  did  not  become  infoluble.  Having 
sifter,wards  dropped  a  very  fmall  quantity  of  the  folution  of  pot-aih  into  this  liquor,  a 
precipitate  was  formed  in.  a  fliort  time,  which  was  of  the  fame  nature  as  that  of  the 
foregoing  experiment;  that  is  to  fay,  what  is  called  alum  faturated  with  its  earth.  It  is 
therefore  proved  that  the  fulphates  of  pot-afti  or  ammoniac  are  neceifary  to  render  the 
alum  capable  of  being  precipitated  by  its  earth,  or  to  caufe  it  to  pafs,  as  it^  were,  to  the 
earthy  ftate.  It  is  alfo  proved,  that  the  aluminous  waters  which  do  not  contain  pot-afk 
may  remain  as  long  as  may  be  defired  on  their  materials,  without  becoming  faturated 
with  too  great  a  quantity  of  earthy  or  fufFering  alum  to  precipitate. 

From  the  whole  of  what  we  have  thus  far  explained,  it  will  be  eafy  to  draw  a  number 
of  confequences  of  importance  to  the  arts,  chemiftry,  and  natural  hiftory. 

I .  It  is  not,  at  Icaft  in  the  greateft  number  of  circumftances,  the  excefs  of  acid  which  im* 

**  When  alums  contain  at  the  fan^e  time  the  fulphate  of  ammoniac  and  of  pot-afli,  the  quantity  of  the  latter 
is  Icfs  i  and  in  this  rcfpc^k  there  muft  be  great  varieties  in  the  proportions,  according  to  the  dofc  of  urine  or  of 
po>a(h  which  is  added.    V. 

pedes 
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pedes  the  cryftallization  of  alum,  but  it  is  the  want  of  pot-a(h  or  ammoniac.  For  it  is 
difficult  indeed  to  imagine  that  the  fulphuric  acid  could  remain  difengaged  after  fo  long  re- 
maining upon  alumine  in  a  (late  of  extreme  divifion,  and  always  fuperabundant.  it  is  true 
that  the  aluminous  waters  redden  the  vegetable  tin£tureS|  but  this  property  is  not  owing  to 
a  difengaged  acid.  This  portion  of  add  is  a  condituent  part  of  thefe  waters,  and  it  appears 
to  have  more  affinity  with  the  neutral  fulphate  of  alumine  than  with  a  new  quantity  of 
this  earth  at  the  temperature  of  the  atmofphere. 

2«  The  fulphate  of  pot-aQi  may  be  ufed,  as  well  as  pure  pot-a(h,  to  caufe  the  cryftalliza- 
tion of  alum.  It  even  has  the  advantage  over  the  latter  fait,  becaufe,  if  the  alumi- 
nous waters  do  not  really  contain  a  difengaged  acid^.the  pot-a(h,  in  its  combination,,  will 
precipitate  a  portion  of  alumine,  and  diminifh  the  produft  of  the  boiling ;  whereas  the  ful- 
phate of  pot-a(h  does  not  produce  the  fame  cStCi :  but  if  the  lixiviums  contain  difengaged 
acid,  which  muft  very  feldom  be  the  cafe,  it  is  not  converted  into  alum  by  the  fulphate  of 
pot-afli,  and  is  loft  with  regard  to  the  produdl.  I  think,  therefore,  that  with  regard  to  fucK 
waters  as  really  contain  an  cxcefs  of  acid,  or  a  very  oxided  fulphate  of  iron,  the  ufe  of  pot- 
afli  may  be  preferable  to  that  of  the  fulphate  of  pot-a(h.  But  with  regard  to  the  price  of 
thefe  fubftances,  I  think  that  in  many  places  it  would  be  profitable  to  ufe  the  fulphate  of 
pot-afli,  becaufe  it  is  a  fait  indirect ly  produced  in  a  great  number  of  manufactories,  where 
it  may  of  courfe  be  obtained  at  a  very  moderate  price.  The  refidues  of  the  diftillation  of 
aqua  fortis  by  the  fulphuric  acid  would  be  excellent  for  this  operation.  I  meail  that  they 
would  be  preferable  to  the  neutral  fulphate  of  pot-a(h.  For  I  have  remarked  that  this  laft 
precipitates  a  portion  of  aluminous  earth,  which  the  other  does  not.  This  fait  would  more 
cfpecially  poflTefs  a  decided  preference  before  pot-a(h,  in  thofe  cafes  where  die  aluminous 
waters  contain  at  the  fame  time  a  great  quantity  of  fulphate  of  iron  intended  to  be  ufefuUy 
employed,  becaufe  it  would  a£t  immediately  on  the  fulphate  of  alumine,  without  touching 
that  of  the  iron ;  whereas  the  pot-afli  does  not  begin  to  form  alum  until  the  whole  of  the 
ferruginous  fait  is  decompofed.  It  would  be  in  particular  of  much  greater  advantage  than 
putrid  urine,  becaufe  this  fluid  always  contains  phofphoric  falts, which  decompofe  a  portion 
of  the  fulphate  of  alumine,  and  confiderably  diminifh  the  product. 

This  inconvenience  might,  hpwever,  be  avoided  by  adding  a  certain  quantity  of  lime  to 
the  urine,  to  precipitate  the  phofphoric  acid. 

3.  Alumine  cannot  be  ufed  in  the^  treatment  of  mother  waters,  as  Bergman  propofes. 
This  earth  is  incapable  of  favouring  the  cryftallization  of  alum,  befides  which,  it  decom- 
pofes  a  portion  of  alum  by  the  affiftance  of  ebullition  \  in  which  circumftance  it  feizes  the 
acid  neceflary  to  its  foliition,  and  precipitates  it  in  the  form  of  that  powder  which  is  called 
alum  faturated  with  its  earth.  ^ 

4.  Many  alum  ores  muft  naturally  contain  pot-afh,  becaufe  perfe£l  alum  is  often  obtained 
from  the  firft  cryftallization  of  new  alum  waters  without  the  addition  of  this  alkali.  It 
is  true  that  an  objedlion  may  be  made  with  regard  to  the  wood  ufed  in  calcini^ag  thefe 
ores,  which  may  be  fuppofed  to  have  furniflied  the  alkali ;  but  it  is  not  probable  that  the 
fmall  quantity  o(  wood  employed,  in  comparifon  to  the  quantity  of  ore  and  the  alum  it  af- 
fords, could  fupply  enough  of  pot-aih  for  the  cryftallization. 

5.  All  the  earths  and  ftones  which  have  given,-  or  (hall  hereafter  affijrd,  by  analyfis  with 
the  fulphuric  acid,  perfedt  alum  without  addition  of  pot-afh,  muft  contain  this  alkali  na- 

T  t  a  turally. 
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turally.  For  it  is  well  proved,  by  the  experiments  related  above,  that  alum  cannot  exift 
without  pot-a(h  or  ammoniac  \  and  as  there  is  little  probability  tliat  this  lad  (hould  be  found 
combined  in  earths  or  ftones,  unlefs  perhaps  in  very  rare  cafes,  we  may  almoft  conftantly 
be  aflured,  when  alum  is  obtained  from  any  of  thefe  fubdances,  that  its  formation  was  ef- 
fedled  by  pot-afli.  The  quantity  of  alum  will  immediately  (hew  in  what  proportion  this 
alkali  exifted  in  the  fubftances  analyfed.  I  have  announced  to  the  Inftitute  in  the  com- 
munication of  my  experiments  on  the  leucite,  that  I  had  begun  a  feries  of  experiments  on 
feveral  earths  and  ftones  which  I  prefumcd  to  contain  pot-afli.  At  prefent  I  can  give  the 
refults  of  fome  of  my  experiments. 

The  crude  alum  ore  of  La  Tolfa  afforded  me  2,3  per  cent. ;  but  as  It  Is  difHcult  to  cx- 
traft  more  than  two- thirds  of  this  fubftance  from  the  ftones  which  contain  it,  we  may, 
without  fear  of  miftake,  eftimate  the  quantity  at  3,4  per  quintal  *.  The  zeolite  of  the  Ifle 
of  Ferro  afforded  1,78,  which  makes  according  to  our  eftimation  2,37  per  cent,.  The  ar- 
gillaceous earth  of  Forges  in  Normandy,  of  which  the  pots  of  the  gLifs  works  at  Sevcs 
aje  made,  likewife  afforded  it,  but  in  a  very  fmall  quantity  f .  The  adamantine  fpar,  on  the 
dnalyGs  of  which  Citizen  Guyton  is  at  prefent  employed,  muft  contain  a  confiderablc 
quantity ;  for  it  affords  much  alum  when  treated  immediately  with  the  pure  fulphuric 
acid.  In  reading  over  the  analyfes  of  ftones  which  have  hitherto  been  made,  an  almoft 
certain  proof  will  be  found,  no  doubt,  either  by  the  lofs  in  the  fum  of  their  produ£l;s,  or 
by  the  alum  they  afforded  with  the  fulphuric  acid,  that  they  contained  potafii^  though  np» 
mention  either  was  made  or  could  be  made  refpe£ling  it. 

. .  6.  The  alum  of  commerce  ought  not  to  be  confidered  as  a  (imple  fait,  but  as  a  com* 
bination  in  the  ftate  of  a  triple  and  fometimcs  quadruple  fait  of  fulphate  of  klumine,  fulr 
phate  of  pot-afli,  or  of  ammoniac.  Among  thefe  laft  we  may  diftinguifh  two  fpecies ;  the 
one  without  excefs  of  acid,  infoluble  in  water  and  infipid,  being  what  is  improperly  called 
alum  faturated  with  its  own  earth  \  and  the  other,  which  contains  an  excefs  of  acid  foluble 
in  water,  very  fapid  and  aftringent,  is  the  common  alum. 

There  is  likewife  a  pure  fulphate  of  aluminc,  very  aftringent,  very  difficult  of  cryftallizai- 
tion,  in  the  form  of  brilliant  pearl-coloured  plates  without  confiftcnce,  and  which  cannot 
be  rendered  infoluble  by  the  addition  of  a  new  quantity  of  its  bafe.  This  laft  fait  may  with 
the  greateft  propriety  be  called  the  fulphate  of  alumine. 

7.  It  follows  from  the  comparative  analyfis,  and  the  knowledge  acquired  refpefting  the 

•  100  parts  of  the  ore  of  Tolfa  contain 

1.  Alumine      .   -         -  -        43)9% 

2.  Sulphuric  acid             -  -       25,00 

3.  Pot-afli             -         -  -           3jo8 

4.  Water            -         -  -            4,00 

m 

5.  Silex        -        -        -    .    •      24,00 

100,00 

t   100  parts  of  the  earth  of  Forges,  calcined,  contain: 
Alumine        -        •        -  40 

Silcx  •        «.        .        ^        60 


100 


different 
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different  dates  of  the  combination  of  alumine  with  the  fulphuric  acid  united  at  the  fame 
time  with  other  bafes,  that  wc  muft  diftinguifh  feven  dates  in  this  combination,  and  that  it 
is  neccflary  to  exprefs  them  according  to  the  rules  of  the  methodical  nomenclature.  Here 
follow  the  feries,  the  nature,  and  the  names  of  thefe  feven  fulphates  of  alumine. 

1.  Sulphate  of  alumine,  or  the  artificial  combination  of  fulphuric  acid  and  alumine. 
This  fait  is  aftringent ;  it  cryftallizes  in  laminae  or  flexible  leaves,  foluble  in  water.  It  has 
never  been  defcribed  nor  named  by  chemifts. 

2.  Acid  fulphate  of  alumine.  It  is  the  foregoing  fait,  with  excefs  of  acid,  from  which  it 
differs  by  reddening  blue  vegetable  colours.  It  is  eafily  made  by  diflTolving  that  fait  in  the 
fulphuric  acid,  but  it  is  not  eafy  to  convert  this  into  the  neutral  fulphate  of  alumine  but  by 
boiling  it  a  long  time  with  its  earth»     This  fait,  like  the  firft,  has  not  been  defcribed. 

3.  Saturated  fulphate  of  alumine  and  of  pot-afli.  It  is  the  alum  of  the  chemifts  faturated 
with  its  earth.  Thave  defcribed  the  manner  of  making  it.  It  is  pulverulent,  infipid,  info- 
luble,  not  cryftallizable,  and  is  eafily  converted  into  true  alum  by  the  addition  of  fulphuric 
acid. 

4.  The  acid  fulphate  of  alumine  and  of  pot-afli.  It  is  eafy  to  prepare  it  chemically.  It 
greatly  refembles  common  alum  ;  but  I  have  found  none  but  that  of  La  Tolfa  which  is  of 
the  fame  nature. 

5.  The  acid  fulphate  of  alumine  and  of  ammoniac.  It  is  eafily  made  in  our  laboratories* 
I  have  not  yet  found  it  pure  in  commerce*  It  has  all  the  properties  of  alum^  and  may  b€ 
ufed  for  the  fame  purpofes.  .  ^ 

6.  The  acid  fulphate  of  alumine,  pot-afb,  and  ammoniac.  It  is  remarkable  enough,  that 
this  (hould  be  the  nature  of  the  alum  mod  frequently  made  in  the  arts,  and  that  to  expre& 
its  combination  fo  many  words  (hould  be  necefTary.  This,  however,  may  be  avoided  by 
referving  the  name  of  alum  to  this  fubdance,  which  will  be  fuflicient  to  didinguifli  it 
perfeftly. 

7.  The  acidulous  fulphate  of  alumine  and  of  pot-a(h.  I  am  lefs  acquainted  with  this 
than  the  preceding  fpecies.  The  name  which  I  propofe  to  charaftcrife  it  has  been  fug- 
geded  to  me,  becaufe  by  adding  a  fmall  quantity  of  pot-afli  to  the  folution  more  than  is 
necefTary  to  obtain  octahedral  crydals,  it  manifedly  pafies  to  the  cubic  form. 

8.  Ladly,  the  phyfician,  the  chemid,  and  the  manufa^urer,  with  whom  the  ufes  of  alum 
are  greatly  multiplied,  will  hereafter  poflefs  a  knowledge  of  the  fubdance  they  employ,  and 
may  appreciate  its  effeCis  on  the  animal  economy^  and  other  bodies  to  which  it  is  fo  frc« 
quently  applied. 


VII. 

« 

Defcription  of  an  Injlrument  proper  io  me af tire  the  Volume  of  a  Body  without  plunging  it  in  any 

Liquid*     By  H.  SjiTy  Capitaine  du  Genie  *. 
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H  E  ordinary  method  of  determining  the  fpecific  gravity  of  folids  by  immerfion  in  a 
liquid  is  inconvenient  for  powders  and  fluids,  and  impracticable  with  regard  to  fuch  bodies 

'*  AbftraA  of  a  Memoir  printed  in  the  Atinales  de  Chimic,  XXIII.  i«. 

as 
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as  m9y  be  a£led  upon  by  the  (landard  liquid.  The  learned  author  of  the  memoir  from 
which  the  following  extra6l  is  taken,  has  propofed  to  remove  this  difficulty  by  plunging  the 
fubjefl  of  experiments  in  common  air  or  a  gafeous  fluid,  by  means  of  an  inflrument  he 
calls  a  ftereometer. 

If  the  capacity  of  a  veflTel,  or,  which  is  the  fame  thing,  the  volume  of  air  contained  in  that 
veflel,  be  meafured,  when  the  vefTel  contains  air  only,  and  alfo  when  the  veflel  contains  a  body 
whofe  volume  is  required  to  be  known,  the  volume  of  air  afcertained  by  the  firft  meafure* 
ment,  deducting  the  volume  afcertained  by  the  fecond,  will  be  the  volume  of  the  body  itielf. 
Again,  if  it  be  admitted  as  a  law,  that  the  volume  of  any  mafs  of  air  be  inverfely  as  the  pref- 
fure  to  which  it  is  fubje£ted,  the  temperature  being  fuppofed  conftant,  it  will  be  eafy  to 
deduce,  from  the  mathematical  relations  of  quantity,  the  whole  bulk,  provided  the  differ- 
ence between  the  two  bulks  under  two  known  prefTures  be  obtained  by  experiment. 

Let  it  be  fuppofed^  for  example,  that  the  fird  preflure  is  double  the  fecond,  or,  which  foU 
lows  as  a  confequence,  that  the  fecond  volume  of  the  air  be  double  the  firil,  and  tliat  the 
difference  be  fifty  cubic  inches,  it  is  evident  that  the  firft  volume  of  the  air  will  likewlfe  be  . 
fifty  cubic  inches.    The  ftereometer  is  intended  to  afcertain  this  difference  at  two  known 
prefTures. 

The  inftrumcnt  is  a  kind  of  funnel,  AB,  Fig.  i,  Plate  XR^  compofed  of  a  capfule  A  in 
^hich  the  body  is  placed,  and  a  tube  fi  as  uniform  in  the  bore  as  can  be  procured.  The 
upper  edge  of  the  capfule  is  ground  with  emery,  in  order  that  it  may  be  hermetically 
'  clofed  \(rith  a  glafs  cover  M  flightly  greafed.  A  double  fcale  is  pafted  on  the  tube,  having 
two  fets  of  graduations  ;  one  to  indicate  the  length,  and  the  other  the  capacities,  as  deter- 
mined by  experiment. 

When  this  inftrument  is  ufed,  it  mufl  be  plunged  in  a  vefTel  of  mercury  with  the  tube 
very  upright,  until  the  mercury  rifes  within  and  without  to  a  point  C  of  the  fcale,  fee  Fig.  a* 

The  capfule  is  then  clofed  with  the  cover,  which  being  greafed  will  prevent  all  commu- 
nication between  the  external  air  and  that  contained  within  the  capfule  and  tube. 

In  this  fituation  of  the  inftrument,  in  which  the  mercury  ftands  at  the  fame  height  withia 
and  without  the  tube,  the  internal  air  is  comprefTed  by  the  weight  of  the  atmofphdre,  which 
is  known  and  exprefled  by  the  length  of  the  mercury  in  the  tube  of  the  common  barometer. 

The  inftrument  is  then  to  be  elevated,  taking  care  to  keep  the  tube  conftantly  in  the  verti- 
cal pofition.  It  is  reprefented  in  this  fituation  Fig.  2,  fecond  pofition*  The  mercury  defcends 
«n  the  tube,  but  not  to  the  level  of  the  external  furface,  and  a  column  D£  of  mercury  re- 
mains fufpended  in  the  tube,  the  height  of  which  is  known  by  the  fcale.  The  interior  ak 
iS  therefore  lefs  comprefTed  than  before,  the  increafe  of  its  volume  being  equal  to  the  whole 
capacity  of  the  tube  from  C  to  D»  which  is  indicated  by  the  fecond  fcale. 

It  is  known  therefore  that  the  preiTures  are  in  proportion  to  the  barometrical  column 

and  to  the  fame  column  diminifhed  by  the  fubtradion  of  D£.     And  the  bulks  of  the  air  in 

.  thefe  two  ftates  are  inverfely  in  the  fame  proportion,  and  again  the  difference  between  thefe 

bulks  is  the  abfolute  quantity  left  void  in  the  tube  by  the  fall  of  the  mercury ;  from  which 

data  by  an  eafy  analytical  procefs  the  following  rule  is  deduced  ;  Multiply  the  number  which 

^xpreflcs  the  lefs  prcfTure  by  that  which  denotes  the  augmentation  of  capacity,  and  divide 

the  produft  by  the  number  which  denotes-  the  difference  of  the  prefTures.     The  quotient 

will  be  the  bulk  of  the  air  when  fubjedl  to  the  greater  prefTure. 

To 
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To  render  this  more  eafy  by  an  example,  ^uppofe  the  height  of  the  mercury  in  the  baro- 
meter to  be  78  centimetres,  and  the  inftniment  being  empty  to  be  plunged  in  the  mercury 
to  the  point  C  It  is  then  covered,  and  raifed  until  the  fmall  column  of  mercury  DE  is 
fufpended,  for  example,  at  the  height  of  fix  centimetres.  The  internal  air,  which  vras  at 
firft  comprefled  by  a  force  reprefented  by  78  centimetres,  is  now  comprefled  only  by  a 
force  reprefented  by  78—76,  or  72  centimetres. 

Suppofe  it  to  be  obferved  at  the  fame  time,  by  means  of  the  graduations  of  the  fecond 
fcale,  that  the  capacity  of  the  part  CD  of  the  tube  which  the  mercury  has  quitted  is  2  cubic 
centimetres.  Then  by  the  rule  V  X  2  give  24  cubical  centimetres,  which  is  the  volume  of 
the  air  included  in  the  inilrument  when  the  mercury  rofe  as  high  as  C  in  the  tube. 

The  body  of  which  the  volume  is  to  be  afcertained,  muft  then  be  placed  in,,  the  capfule, 
and  the  operation  repeated.  Suppofe,  in  this  cafe,  the  column  of  mercury  fufpended  to  be 
eight  centimetres,  when  the  capacity  of  the  part  CD  of  the  tube  is  equal  to  2  centimetres 
cube.  Then  the  gveateft  prefluse  being  denoted  by  78  centimetres,  as  before,  the  lead  will 
be  70  centimetres,  the  difierence  of  the  preflures  being  8,  and  the  difference  of  the  volumes 
two  cubical  centimetres.  Hence  ^  X  2  gives  the  bulk  of  the  included  air  under  the  great- 
eft  preffure  17,5  cubic  centimetres.  If  therefore  17,5  centimetres  be  taken- from  24  cen- 
timetres, or  the  capacity  of  the  inilrument  when  empty,  the' difference  6,5  cubic  centimetres 
will  exprefs  the  volume  of  the  body  which  was  introduced.  And  if  the  abfolute  weight  of 
the  body  be  multiplied  by  its  bulk  in  centimetres,  and  divided  by  the  abfolute  weight  of  one 
cubic  centimetre  of  diftilled  water,  the  quotient  will  express  the  fpecific  gravity  of  the  body  • 
in  the  commoti  form  of  the  tables  where  diftilled  water  is  taken  as  unity ^^ or  the  term  of  com^ 
parifon. 

After  this  defeription  and  explanation  ef  the  ufe  of  his  inftrument,  the  author  proceeds 
with  the  candour  and  acutenefs  of  a  {^ilofopher  to  afcertain  the  limits  of  error  in  the  refultsv 
an  objeA  fetdom  fufficiently  attended  to  in  the  inveftigation  of  natural  phenomena.  From  his 
refults  it  appears,  that  with  the  dimenfions  he  has  aflumed,  and  the  method  prefcribed  for 
operating,  the  errors  may  afieA  the  fecond  figure.  He  likewife  gives  the  formulae  by  means 
of  which  the  inftrument  itfeif  may  be  made  to  fupply  the  want  of  a  barometer  in  afcertain- 
ing  the  greatcft  preflure.  He  likewife  adverts  to  the  errors  which  maybe  produced  by  change 
of  temperature.  To  prevent  thefc  as  much  as  poffible,  the  adlual  form  of  the  inftrument 
and  arrangements  of  its  auxiliary  parts  are  fettled  as  in  Fig.  3;  by  which  means  the  approach 
ef  the  hand  near  the  veflcl  and  its  tube  is  avoided.  In  this  figure  the  vertical  pofition  of 
the  tube  is  fecured  by  the  fufpenfion  of  the  vefftl,  and  a  perforation  in  the  table  through 
which  the  tube  paffes.  The  table  itfeif  fupports  the  capfule  in  its  firft  pofitiouj^  namely, 
that  at  which  the  cover  i«  required  to  be  put  on. 

It  fcems  probable,  from  the  author's  general  refleftions  immediately  preceding  the  expla- 
nation of  the  figures,  that  he  had  not  entirely  finiftied  his  meditations  on  this  fubjeA.  If 
he  had,  I  think  it  likely  that  he  would  have  determined  his  preflures  as  well  as  the  mea- 
fires  of  bulk6  by  weight.  For  it  may  be  eafily  underftood,  that  if  the  whole  inftrument 
were  fet  to  its  petitions  by  fufpending  it  to  one  arm  of  a  balance  at  H  Fig.  3,  the  quantity 
of  counterpoife  when  in  equilibrio  might  be  applied  to  determine  the  preflures  to  a  degree 
ef  accuracy  much  greater  than  can  be  obtained  by  linear  meafurement. 

5  vm.  ufifui 
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U/f/ui  Notices  rfjj^enlng  various  Objects. —  Styrian  Steel — Elajlic  Sirifigs  for  Muftcal  Infiru^ 

merits  and  other  PurpojeS'^Wheels  without  Cogs* 

SI.  Styrian  Steel, 
OME  time  ago  I  was  favoured  with  a  vifit  from  Mr.  Ramondini,  an  Italian  gentleman 
on  his  travels.  He  afTured  me  that  the  Styrian  fteel  is  made  very  well  in  Hungary,  and  can 
be  obtained  from  any  iron  originally  fmelted  with  charcoal,  and  not  with  coke.  He  fay$ 
that  the  fecret  of  the  procefs  confills  in  the  management  upon  the  hearth  of  the  Waft  or 
refining  furnace.  If  the  iron  be  ftirred  about  while  in  fufion,  it  will  afford  bar  iron  ;  but 
if  the  fcoria  be  fimply  raked  off  as  it  rifes,  and  the  metal  be  left  for  a  due  time  undifturbed 
in  fufion,  and  then  taken  to  the  hammer,  it  proves  to  be  fteel.  '  He  affirms,  that  the  iron 
made  with  coke  will  not  cement  into  fteel,  but  forms  a  flag.  Perhaps  this  may  arife  from  a 
redundancy  of  plumbago. 

2.  Elajlic  Strings  for  Muftcal  Injlruments  and  other  Purpofes* 

THE  elaftic  ftring  known  by  the  name  of  catgut,  and  very  ufeful  for  making  the  bands  of 
lathes,  when  its  diameter  is  large,  or  the  ftrings  of  mufical  inftruments,  when  fmall,  poflefles 
peculiar  properties  which  are  well  kjnown.  As  it  is  compofed  of  animal  fibre,  it  is  fubjcfl  to 
putrefy  by  accidental  moifture,  and  on  this  account  the  ftrength  of  fuch  as  appears  to  be  pcr- 

.  fe£l  is  v^ry  uncertain.     I  underftand  that  mufical  ftrings  of  catgut  are  not  made  in  this  coun* 
try.  An  intelligent  friend  of  mine  made  an  experiment  many  years  ago  with  filk  to  form  this 

•  laft  article.     He  wound  the  fingle  thread  or  fibre  of  the  filkworm,  without  twifting,  till  the 

mafs  of  fibres  formed  a  body  equal  to  his  wifli.     He  fmeared  this  mafs  with  white  of  egg, 

which  he  rendered  immediately  confiftent  by  pafiing  it  through  heated  oil.     The  ftring  was 

cxquifitely  true,  or  uniform  in  its  thicknefs.     When  tried  upon  an  inftrumcnt,  the  tone  wat 

not  fatisfaftory  to  an  accuflomcd  ear  :  the  performer  faid  it  was  tubby,  a  word  which  I  fup- 

pofe  has  reference  tb  the  found  emitted  by  a  tub,  and  will,  as  I  imagine,  convey  a  correal 

though  perhaps  undefinable  notion  to  a  mufician.     Mufical  ftrings  produce  a  found  more 

grave  the  greater  their  diameter  or  their  length,  and  the  lefs  their  tenfion.     It  is  required 

that  this  found  fliould  not  only  be  intenfe  and  perfefl:,  but  alfo  that  it  fliould  endure  for 

a  certain  (hbrt  time  without  confidcrable  diminution.     The  maximum  of  thefe  qualities, 

when  the  length  is  limited,  is  aimed  at  by  regulating  the  diameter  and  the  tenfion.     If  the 

diameter  be  too  great,  the  found  will  not  laft  ;  if  too  little,  it  will  be  deficient  in  intenfity. 

There  is  an  artifice  by  which  the  permanence  of  a  grave   found   from  a  given  length  of 

ftring  is  fecured,  without  requiring  the  tenfion  to  be  much  diminiflied.    It  confifts  in  adding 

to  the  weight  of  the  ftring,  without  adding  to  its  ftrength  or  elafiic  force.    For  this  pUi|>ofc 

a  flender  wire  is  wrapped  round  the  ftring,  which  with  this  load  gives  a  very  different  and 

more  lafting  tone  than  a  fimple  ftring  of  the  fame  length.     I  believe  it  is  admitted  that  the 

tone  of  thefe  ftrings  is  lefs  brilliant  or  clear,  and  I  fuppofe  the  ftrings  made  by  my  friend 

had  the  fame  quality,  the  brittle  indurated  white  of  egg  adding  to  the  weight  but  not  to  the 

clafticity.     The  caoutchouc  or  elaftic  gum  was  at  that  time  unknown.     I  think  it  worth 

trying  with  filk  for  mufical  ftrings,  and  ftill  more  in  the  fabrication  of  ftrong  bands  for  lathe 

work,  to  be  ufed  Inftead  of  catgut.  4 

3.  Wheels 
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3.  Wheels  without  Cogs. 

VERY  much  of  the  difpofal  or  tranfmiffion  of  mechanic  force  is  effcfted  by  means  of 
wheels  aAuig  upon  each  other.  The  conaeflion  of  the  moving  parts  is  performed  either 
by  the  mutual  aftion  of  teech,  or  by  (traps,  or  by  the  friftion  of  one  face  of  a  wheel 
againft  another.  I  have  feeh  a  drawing  of  a  fpinning- wheel  for  children,  at  a  charity-fchool, 
in  which  a  large  horizontal  wheel  with  a  flip  of  buff  leather  glued  on  its  upper  furfacei 
near  the  outer  edge,  drove  twelve  fpindles  at  which  the  fame  number  of  children  fat.  The 
fpindles  had  each  a  fmall  roller  likewife  faced  with  leather,  and  ^ere  capable  by  an  eafy  and 
inftantaneous  motion  of  being  thrown  into  contafl  with  tlie  large  wheel  at  pleafure.  Each 
child  could  therefore  throw  her  own  part  of  the  apparatus  into  work,  or  caufe  it  to  (top,  as 
often  or  as  long  as  (he  pleafed.  The  winding  bobbins  for  yarn  at  the  cotton-mills  operate 
on  the  fame  fimple  and  elegant  principle,  which  poflefles  the  advantage  of  drawing  the 
.thread  with  an  equal  velocity,  whatever  may  be  the  quantity  on  the  bobbin,  and  cannot  break 
it«  I  do  not  know  that  this  principle  has  been  applied  in  large  work,  except  in  a  faw-mill 
by  Mr.  Taylor  of  Southampton.  In  this  the  wheels  a£t  on  each  other  by  the  contaA  of 
the  end  grain  of  wood  inftead  of  cogs.  It  makes  very  little  noife,  and  at  the  time  it  was 
mentioned  to  me  had  been  in  wear  about  fourteen  years.  I  fuppofe,  of  courfe,  that  there 
is  a  contrivance  for  bearing  the  wheels  firm  againft  each  other  by  wedges  at  the  fockels^ 
or  rather  by  levers. 


jf/i  Economical  Procefs  to  obtain  Pun  Caufiic  Alkali  in  the  Large  Waj^  nith  FtffedPit'^^  or  the 

Lafis  Cdufticus.    By  Citizen  BOUILLON  Le  Grange  *• 


T) 


H  E  proceflesfor  obtaining  the  cauftic  alkali  and  fufed  pot-a(b,  caHed  lapis  canfticus  in 
the  difpenfatories,  being  either  defe^ve  or  tedious,  the  Citizen  Welter  and  myfelf  have 
endeavoured  to  abridge  this  operation,  by  ii(ing  a  procefs  which  requires  lefs  time  and  ex* 
pence,  and  is  more  certain  and  ufeful,  particularly  for  obtaining  the  cauftic  alkali  in  the 
large  way,  which  is  fo  neceflary  in  the  arts  and  in  chemical  experiments. 

We  believe,  therefore,  that  praAical  men  will  receive  with  pleafure  the  defcription  of  a 
method  by  which  no  part  of  the  pot-a(h  is  loft,  and  which  affords  it  in  a  ftate  of  purity,  and 
very  cauftic,  without  much  expence  or  apparatus. 

Our  apparatus  confifts  of  feveral  veffels  of  white  wood^  or,  which  is  better,  calcareous 
ftone,  whofe  dimenfions  may  be  varied  according  to  the  quantities  intended  to  be  prepared. 
Thofe  which  we  have  eftabli(hed  for  the  Polytechnic  School  are  of  ftone,  of  the  internal 
capacity  of  one  foot  cube,  (fee  Fig.  4,  Plate  XIV.)  having  their  bottoms  grooved  by 
channels  of  an  inch  >n  depth  and  the  (ame  width,  and  fo  far  diftant  from  each  other  that 
there  are  five  or  fix  parallel,  which  terminate  at  an  end  in  a  fimilar  groQve,  which  croffes 
the  whole,  and  feryes  as  a  jgutter  to  Golle£t  the  faline  folution.  In  the.  middle  of  this  laft  an 

*  Annales  Ht  Chimie,  XXIL  137. 
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hole  18  pierced,  to  infert  a  tube  of  glafsi  which  comes  out  under  an  angle  of  45  degrees  vnih 
the  horizon^ 

The  channels  are  covered  with  tubes  of  glafs  ranged  acrofs,  upon  which  is  placed  z 
cloth  in  fuch  a  manner  as  to  cover  them  completely.  Upon  this  a  thin  layer  of  wood* 
aihes  is  fprinkled,  and  afterwards  the  mixture  which  we  (hall  proceed  to  mention  is  put 
into  the  vefTels. 

For  want  of  veflcis  of  (lone,  we  may  operate  by  uGhg  fmall  tubs  of  white  wood,  a^  in 
Figure  5  ;  and  inftead  of  the  grooves,  river  fand  muft  be  fpread  on  the  bottom,  after  being 
firfl  carefully  waflied^  over  this  a  finer  flratum  muft  be  fpread,  and  the  wh6Ie  tlitti  cbt^re^ 
with  a  cloth,  and  wood-a(hcs  ft  re  wed  thfereon.  Thefe  veflels,  like  the  others^  muft  each 
have  a  tube  to  convey  the  fluid  which  filters  through. 

It  is  not  neceflary  to  remark,  that  the  firft  method  is  to  be  pfeferred.  For  the  cauftic  alkali" 
always  feizes  a  portion  of  the  colouring  matter  of  the  wobd,  and  may  even,  according  to  it* 
degree  of  concentration,  take  iip  a  fmall  quantity  of  filex  by  folution.  But  thefe  inc6h« 
veniencies  are  of  little  cpnfequence,  when  merely  the  caiiffic  alkali  or  Izpis  cshffticus  ts» 
wanted. 

For  the  arts,  and  for  the  delicate  experiments  of  chemiftry,  the  ciflrms  of  cdcar^us  floftcf 
are  to  be  preferred :  with  thefe  the  licjuor  is  obtained  perfeftly  limpid. 

Things  being  thus  difpofed,  equal  parts  are  to  be  takexl  of  quicklime  and  of  pot-srflr,  thdre^ 
efpecially  when  the  lime  is  very  cauftic.  In  the  contrary  cafe,  twenty  parts  of  UiAe  ttiif  d6 
takea  to  fifteen  of  pot-afti.  Water  is  then  to  be  heated  in  an  iron  pot  till  it  nearly  boils  ^ 
in  this  ftate  the  lime  is  to  be  added,  which  by  its  extinflion  brings  it  to  the  boiling  heat.^ 
When  the  extin£tion  is  complete,  the  pot-afh  is  mixed,  and  the  whole  formed  into  a  thick 
msHs,  which  is  Uti  to  cool  a  little. 

The  mixture  is  afterwards  poured  into  the  ciftcirn^,  atid  immedisktety  cAvered  with  water* 
In  order  to  avoid  making  perforations  in  the  mixture  by  pouring  the  water>  a  fmall  boafd  ii 
laid  to  receive  the  ftream^  which  rifes  with  the  fiiiid. 

Care*  muft  be  takeii  to  place  pitchers  or  other  veffcls  to  receive  the  li^br  ii^bicli  ffbOSf 

through  the  tube ;  and  in  order  to  prevent  the  lixiviufn  from  abfdrbing  'carbohic  add  ffdixf 

the  atmofphere,  the  veflels  muft  be  fligbtly  clofed  to  prevent  the  circulation  of  tl^  tictct^ 

nal  air. 

It  is  lite  wife  neceflary  that  a  fiipply  of  waiter  thduld  be  kept  Up  over  the  ihixtorcr.    Whea 

.  it  comes  out  of  the  tube  in  an  infipid  ftate,  it  is  unfleceflary  to  dx^w  off  ahy  more* 

The  folutions  obtained  are  all  to  the  laft  very  nearly  of  th6  fame  ftrength ;  for  they  betdfte 
weak  all  at  6nce  :  from  this  circumftance  the  Very  aqueotts  folutions  are  avoided. 

Iron  pots  may  be  ufcd  to  evaporate  the  waters.  The  laft  run  muft  be  taken  firft,  kecaufe 
it  is  rather  wcakeft ;  aitd  by  this  means  the  ftronger  folutions  are  not  fo  long^  ekp6fed  t<i 
tic  coritaft  of  the  air.    The  evaporation  muft  be  performed  by  a  ftrorig  cbtrfKticw^  . 

i?VTieri  the  concentration  has  arrived  to  :r  certain  point,  the  fulpKate  ti  {M-aOi  bh^ftfOn^e^ 
and  falls  down.  It  may  eafily  be  taken  out  by  placing  at  dte  boito»  of  thfe  pbt'af  p6tfotf9tti 
iron  ladle,  in  which  the  fait  is  colIe£led.  Strong  ebullition  is  neceflfary  t6  ke^  the  athio^ 
fpheric  air  at  a  diftance  from  the  furface,  and  towards  the  end  the  motion  of  boiling  ferves 

to  carry  tho'Tulphate  of  pot-afti  into  the  ladle. 

If 
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If  the  lapis  caufticusbe  wanted^the  concentrated  liquor  is  to  be  poured  into  a  fmaller  pot^ 
%tki  the  craporation  carried  fo  far  that  the  fait  may  congeal  when  poured  out  on  a^plate  of 
iron  or  marble  *. 

If  a  purer  alkali  be  required  for  the  delicate  experiments  of  chemiftry,  inftead  of  pot-a{h9 
the  tartareous  acidule  or  cream  of  tartar  may  be  calcined  and  made  ufe  of;  or  otherwife 
&e  fufed  pot-a(h  before-mentioned  m^y  be  purified  by  alcohol  after  the  manner  of  Ber« 
thollet  Experiment  has  proved  to  ua^  that  very  pure  alkali  may  by  this  means  be  obtained  f . 

In  this  cafe,  the  lixivium  is  to  be  evaporated  to  the  confidence  of  a  thick  fyrup  in  ^  filver 
bafon  "if  or  preferably  in  clofe  veflels.  This  matter  is  then  to  be  diflblved  in  alcohol.  The 
potralb  alone  combines  with  the  fluid :  the  fulphate  and  muriate  of  pot-afli,  the  portions  of 
earth  and  even  of  carbonic  acid  which  it  obftinately  retains,  or  wluch  it  has  refumed  from 
the  air  during  the  evaporation,  remain  at  the  bottom  of  the  folution.  If  the  alcohol  has 
t)een  poured  on  the  matter  whilft  ftill  hot,  and  a  lefs  quantity  of  this  folvent  has  been  em« 
oloyedthan  was  requifite  for  diffolving  the  pot-a(h,  it  cryftallizes  by  cooling  in  white  blades, 
.  which  are  fometimes  feveral  inches  long.  If  it  be  required  to  feparate  the  pot-a(h  from  the 
alcohol,  and  to  obtain  it  in  the  dry  (late,  the  folution  mut^  be  evaporated  in  a  filver  bafon, 
and  not  in  a  glafs  veflel }  for  the  pot-a(h  often  difiblves  a  portion  of  filex,  which  alters  its 
purity. 

We  fee  by  this  operation,  of  which  the  details  deferve  to  be  confulted,  in  the  memoir  of 
BerthoUet,  that  die  cauftic  pot-a(h  is  deprived  of  filex,  of  carbonic  acid,  of  all  the  foreign 
iaiti,  and  of  the  fmall  portion  of  iron  it  may  have  taiien  up  from  the  veflel  in  which  the 
^aporation  was  performed. 

*  It  is  proper  to  remark,  that  the  Cblid  cauftic  alkali  thus  prepared  is  much  more  active  than  that  ufually 
ip^e  by  chemiftft  for  fale.     For  this  reafbn  it  is  necelTary  to  be  very  prudent  in  its  application.    G. 

•J-  See,  however,  the  remark  of  Lowitz  on  this  fubjedt.  •*  Philof.  Joum.  I.  .165.     N." 

i  What  follows  is  extracted  from  the  memoir  of  the  celebrated  BcrthoUcti  for  the  advantage  of  thofe  who 
jnay  notpoflcfs  the  means  of  confuitiiig  the  original*    G. 
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TaSte  ef  French  Weight  and  Meajuf^ 


A  TABLE 


for  rednciog  the  Unities  of  the  Metre,  Litre,  and  Gramme  into  Englifh 
Inches,  Gallons,  and  Grains.     (Sec  page  199). 


•*       1 

1 

Vtetrei  in 
(nchcs. 

LITRES  IN 

Grammes 
in  Grains. 

** 
«> 

8 

S 

1: 

51 
52 
53 
54 
55 

56 
57 
58 
59 
60 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73 
74 
7b 

76 
77 
78 
79 
80 

8i 
82 
83 
84 
85 

86 
87 
88 
89 
90 

91 
92 
93 
94 
95 

96 
97 
98 
99 
100 

Metres  in 
Inches. 

LITRES  IN 

n 

Cubic 
leches. 

\lc  Gal. 

ons  of  2S 
Inches: 

Wine  Gal 
ons  of  23 1 
'ncbis. 

Cubic 
Inches. 

Alt  G4I. 
ions  of  281 
Inches. 

Wine  Gal. 
Ions  of  231 
Inches. 

Gnimmet 
mOnunt% 

1 

2 

3 
4 
5 

39.383 
78.766 
118.15 
157.53 
196.91 

61.083 
122.17 
183.25 
244.33 
305.41 

0.2166 
0.4332 
0.6498 
0-8664 
1.0830 

0.2644 
0.5289 
0.7933 
1.0577 
1.3221 

22.966 
45-932 
68.898 
91.864 
114.83 

2008.5 
2047.9 
2087.3 
2126-7 
2166.1 

3115.2 
3176.3 
3237.4 
3298.5 
3359.6 

3420.6 
3481.7 
3542.8 
3603.9 
3665.0 

11.047. 
11.264 
11.480 
ir.697 
•11.915 

13.486. 

13.750 

14.015 

14.279 

14.544 

1171.3 
U94.2 
1217.2 
1240.2 
1263.1 

6 
7 
8 
9 

10 

236.30 
275.68 
315.06 
354.45 
^  393.83 

366.50. 

427.58 

488.66 

549.75 

610.83, 

1.2996 

1.7328 
1.9495 
2.1661 

1.5866 
1.8510 
2.1154 
2.3799 
2.6443 

137-79 
160.76 
183.73 
206.69 
229.66 

2205.4 
2244.8 
2284.2 
232d'.6 
2363.0 

121.30 
12J47 
12-563 , 
12.780 
12.996 

14.808 
15.072 
15.337 
15.601 
15.866 

li^6.1 
1309.1 
1332.0  > 
1355.0 
1378.0 

11 
12 
13 
14 
15 

433.21 
472.60 
511.98 
551.36 
5^?0.74 

671.91 
733.00 
794:08 
'  855.16 
9^6.24 

2.3827 
2-5993 
2.8159 
3.0325 
3.2491 

2.9087 
3.1731 
3.1376 
3.7020 
3'.9664 

252.63 
275.59 
298.56 
321.52 
314.49 

2402.4 
2441.7 
248 J. 1 
2520.5 
2559.9 

3726.1 
3787.1 
3848.2 
3909.3 
3970.4 

.  i3-2l3 
13-430 
13.646 
13.863 
14.079 

16.130  • 

16.395 

16.659 

16.923 

17.188 

1400.9 
1423.9 
1446.9 
1469.8 
1492.8 

16 
17 
18 
19 
20 

630.13 

669.51 

708.89 

748.28^ 

787.66 

977.33 
1038.4 
1099.5 
1160.6 
1221.7 

3.4657 
3.6823 
3-8989 
4.1155 
4.3321 

4.2309 
4.4953 
4.7597 
5.0242 
5-2886 

367.46 
390.42 
413.39 
436.35 
459.32 

2599,3 
2638.7 
2678.0 
2717.4 
2756.8 

'4031.5 
4092.6 
4153.6 
4214.7 
4275.8 

14.296 
14.513 
14.729 
14.946 
15.162 

17.462 
17.717 
17.981 
18.246 
18.510 

1515.g 
1538.7 
1561.7 
1584.7 
1607.6 

21 
22 
23 
24 
25 

,  827.04 
866.43 
905.81 
915.19 
984.57 

1282.7 
1313.8 
1 404.9 
1466.0 
1527.1 

4.5487 
4.7653 
4.9819 
5.1985 
5.4151 

5.5530 
5.8174 
6.0819 
6.3463 
6.6107 

482.29 
505.25 
528.22 
551.18 
574  J  5 

2796.2 
i«35.6 
2875.0 
2914.3 
2953.7 

4336.9 
4398.0 
4459.1 
4520.1 
4581.2 

4642.3 
4703.4 
4764.5 
4825.6 
4886.6 

4947-7 
5008.8 
5069.9 
5131.0 
5192.1 

15.379 
15.596 
15.812 
16.029 
16.245 

18  774 
19.039 
19.303 
19.568 
19.832. 

1630.6 

1653.6* 

1676.5 

1699.5 

1722.4 

26 
27 
28 
29 
30 

1023.1 
1063.3 
1102.7 
1142.1 
1181.5 

1588.2 
1649.2 
1710.3 
1771.4 
1832.5 

5.6318 
5-8484 
*6.0650 
6-2816 
6-4982 

b.8752 
7.1396 
7.4040 
7.6684 
7  9329 

597.12. 

620.08 

643.05 

666.01 

688.98 

2993.1 
3032.5 
3071.9 
3111-3 
3150.6 

16.462 
16.679 
16.895 
"17.112 
17.328 

20.097 
20.361 
20.625 
20.890 
21.154 

1745.4 

1768.4 

1791.3. 

1814.8 

1837.3 

31 
32 
33 
34 
35 

1220.9 
1%0.3 
1299.6 
1339.0 
1378.4 

1893.6 
1954.7 
2015.7 
2076.8 
2137.9 

6.7148 
6.9314 
7.1180 
7.3646 
7.5812 

8.1973 
8.4617 
8.7262 
8.9906 
9.2550 

711.95 
734.91 
757.88 
780.84 
803.81 

3190.0 
3229.4 
3268.8 
3308.2 
3347.6 

17.545 
17.762 
17.978 
18.195 
18.412 

21.419 
21.683 
21-9)8 
22.212 
22.476 

1860.2 
1883.2 
1906.2 
1929.1 
1952.1 

36 
37 
38 
39 
40 

1417.8 
1457.2 
i  496.6 
1535.9 
1575.3 

2199.0 
2260.1 
2321.2 
2382-2 
2443.3 

7.7978 
8.0144 
8.2310 
8.4476 
8.h642 

9.5194 
9.7839 
•  10.018 
10.313 
10.577 

826.78 
849.74 
872.71 
895.67 
918.64 

3386.9 
3426.3 
3465.7 
3505.1 
3544.5 

5253.1 
5314.2 
5375.3 
5436.4 
5497.5 

18.628. 

18.845 

19.061 

19.278 

19-495 

22.741 
23.005 
23.270 
28.534 
23.799 

1975.1 

1998.(r 

2021.0 

2044.0 

2066.9 

41 
42 
43 
44 
45 

1614.7 
1654.1 
1693.5 
1732.9 
1772.2 

2504.4 
2565.5 
2626.6 
2687.7 
2748.7 

2809.8 
2870.9 
2932.0 
2993.1 
3054-1 

8.8808 
9-0975 
9.3141 
9.5307 
9.7473 

10.842 
11.106 
11.370 
11.635 
11.899 

941.61 
964.57 
987.54 
1010.5 
1033.5 

3583.9 
3623.2 
3662.6 
3702.0 
3741.4 

5558.6 
5619.6 
5680.7 
5741.8 
5802.9 

19.741 
19.928 
2a  144 
20,361 
20.578 

24.063 

24.827 

24.592. 

24.856 

25.121 

2089.9 
2112.9 
2135.8 
2158.8 
2181.8 

46 

47 

48 

49* 

6.0 

1811.6 
1851.0 
1890.4 
1929.8 
1969.1 

9.9639 
10.180 
10.397 
10.614 
10.830 

12.164. 

12.428 

12.693 

12.957 

13.221 

1056.4 
10Z9.4 
1102.4 
1125.3 
1148.3 

3780.8 
3820.2 
3859.5 
3898.9 
3938.3 

586  KO 
5925.1 
5986.1 
6047.2 
6108.3 

20.794 
21.011 
21.227 
21.4-14 
21.661 

25.385 
25.650 
25.914 
26.178 
26.443 

2204.7 
2227.7 
2250,7 
2273.6 
2296.6 

T> 
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MMHEMAHICAL  and  EHILOSOPHICAL  CORRESPONDENCE. 

Question  VIL    Anfwered  by  J.  i^— : — :— :— ie. 


H  E  order  in  which  the  firfl:  51.  cards  are  diftributed  being  of  no  importance  with  re- 
fpe£l'  to  the  chance  for  trumpsi  the  folutr^  of  this  queftxon  will  be  fomewhat  fimplificd 
bf  conceiving  the  hands  of  the  dealer*^  two  adverfaries  to  confift  of  the  firft  26  cards  dealt 
offl  The  chance  thatthefe  may  be  all  of  them  of  th&  39,  which  are  not  trumps -will  evidently 
»,      3Q » 18  >  37  »  36  ■ .  &c 14  _  25  ■  24 ,  23 .  21 » >  &c^ 14  19 *    I 

'  51  •50.49.48.*&c 26       51  •50.49.48.  .&c 40  "* 580027  ^305271^, 

fo  that  the  odds  agiainft  it  'are  305264-^  to  i  \  and  yet  it  is  5200300  times  more  pro« 
bable  that  the  dealer  and  His  partner  Ihould' have  the  thirteen  trumps  between  them,  than 
that  the  dealer  himfelf  fliould  hold  them  all  in  his  own  hand. 

De  Moivre,  in  his  "  Dofttine  of  Chances,"  (2d  edit,  con  to  prob^  xix.)  gives  a  theorem 
refpeAing  the  chance  of  drawing  any  certain  number  of  black  and  white  counters,  which 
is  applicable  in  fuch  an  infinite  variety  of  cafes,,  that  it  is  perhaps  worth  mentioning.  It 
may  be  thus  genoralifedrr-^f  ii  and.£  he  die  refpe£live  numbers  of  things  of  two  different 
kinds,  .heaped  promifcuoufly  together,  the  following  formula  will  exprefs  the  value  of  tlie 
chance,  that  out  of  c  of  them,  taken  at  hazard  from  amongft  the  whole  number  n{  =  a-^b) 
there  be  found  the  exa£t  number./^,  and  no  more,  of .  that  kind  whofe  whole  number  is  a  : 

r.r— i.r— 2..&c.(/termsyxJ.rf— i.rf— 2...&C. (fl— ^terms)X  — .-^  .-^&c.(/| terms) 

12         "^       * 

— ,■      ■    •" 

n  .n  —  1 .  /I  —  2  .  «  —  3  . .  «c.  [a  terms), 
wherein  rf  is  =  «  —  f.     A  proper  fubftitution  m  this  ^xprcflion  will  alfo  give  us  the  fame 
refult  as  above.. 

QO  E  ST  ION  Vm.     Jiifwered  by  J.  i?—:^:— ._;?; 

LET  a  and  b  be  the  hyperbolic  logarithms  of  a  and  k    Then  will  a^rbe  =  b.l  •  a^ 

a*  a*  a*  X 

and  I   +ai*4 **  + *'  +  :: — r «♦.  ...&c.  =  fl   ;    and,    in  like   manner, 

2  23  a.  3-4-  ' 

b*  b*  b^  X 

I.  +  b .  X  +  —  A?*  -h *?'  4 **....  &c.  =  *  i  the  fum  of  which  2  +  (a  +  b);^ 

2  2.3  2. 3.4.  ^  ' 

a*  +  b*^         a^'-f^b'*         a^+b^* 

+  **  + «'  -fj x*i . .  &c-=  o-by. tho queftion.    Hence,  puttinjr  d  = 

2  2.3.  2.3.4-  *    /         n  >r        6 

c— 2,  and>a,  /?,  r,  9;  e,  &c  =  the  above  co-efficients  of  the  feveral  powers^f  pt  in  the  latter 
icnes,we.get4f  =  -  d -rf»4.-C — ^ ^  +  2 f^- i*..^.&c.     As, 

however,  this  feries  does  not,  yiHead  is  great  ihrefpe£l  of  «,  begin  to  converge  till  after  a 
confiderable  number  of  terms,  it  feems  better  to  ufe  the  common  tentative  procefs,  repeat- 
edly afluming  two  values  of  x,-  and  applying  the  following  proportion:— Difierence  of  re- 
fults  :  difference  of  aflumed  values  : :  lead  error  :  corredion  for  the'  neareft  ralne.— This 
method,  though  an  indireiSl  one,  has  certainly  great  prafiical  advantages  in  a  variety  of 
cafes  wherein  die  expreffions  are  fo  entangled  with  furds  or  unknown  exponents  as  not  to 

be  othcrwife  reducible  without  a  great  deal  of  troubtet 

5,  Another 
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Another  method  of  obtaining  the  value  of  x  is  by  means  of  a  table  of  artificial  fines,  at 
follows :— Let  r  be*  the  logarithmic  radius,  a,  b,  and  c  the  common  logarithms  of  a^  b%  and  r, 
and  d  =  r  —  I  c.  Find  an  artificial  fine,  and  its  correfpondent  cofine,  f  and  s,  in  the  tables, 

fo  that    ~     may  be  =     ,      ,  each  of  which  quantities  will  then  be  =  x.    The  demon* 

%  a  Y" 

lli^tioa  becoxnes  obvious  by  confidering,  that  if^ne  of  throe  quantities  be  equal  to  the  fuod 
of  the  other  two,  their  (quare-roots  are*  the  fides  of  a  right-atigled  triangle. 

Nearly  a  fimiiar  anfwer  was  given  to  this  queftion  by  Analyticus. 

_  IJiKH  .  .  ■ 

NEW  MATHEMATICAL  QUESTIONS. 

Question  XI.   Ej  IV.  Sjmpson^ 

IF  H,  hi  be  the  heights .  of  any  two  fignsds  above  the  horizon  of  an  obferver.  A,  the 
angle  which  they  fubtend,  and  a^  the  fame  angle  reduced  to  the  phne  of  the  horizon,  then 
will  cof.  A  =  cbf.  a  X  cof.  H  X  cof.  h  +  fine  H  X  fine  h.    Required  th^  demonftration. 


Question  XII.    Bj  W.  C.  ofGrtemvich. 

ON  the  ift  of  May  1797,  the  fun's  declination  being  15^  9',  it  was  obferved  that  his 
altitude,  azimuth,  and  the  latitude  of  the  place  were  all  equal.  Required  the  hour  and 
place  where  the  obfervation  was  made. 


♦^*  I  SHOULD  be  glad  to  give  a  defcription  and  drawing  of  Mr.  Varley's  machine 
for  producing  perpetual  motion,  as  requefted  by  Mr.  Notlcm  of  Wifbech,  if  an  attentive 
perufal  of  the  fpecificatioh  enrolled  in  Chancery  had  fiiewn  me  any  thing  tending  to  improve 
the  theory  or  practice  of  mechanics.  The  defcription  in  the  periodical  work  he  mentions 
is  not  fufficiently  clear  to  fhew  the  whole  of  what  the  writer  meant  to  explain,  and  I  found 
the  original  equally  imperfeft.  Mr.  Varlcy's  notion,  obfcured  by  fome  extraneous  and 
unimportant  circumftances^  appears  to  be,  that  if  an  exbaufted  cylinder  be  fished  to  one 
part  of  the  periphery  of  a  wheel,  and  a  pifton  fitted  therein,  the  preflTure  of  the  atmofphere 
on  this  lad,  fuppofed  alfo  to  be  attached  to  the  wheel  by  a  fpring  and  chain  (parallel  to  a 
tangent),  will  tend  to  drive  it  into  the  vacuum,  and,' if  prevented  by  the  fliortnefs  of  the 
chain,  will  draw  the  wheel  round.  It  is  obvious  to  zny  perfon  moderately  acquainted  with 
ftatics,  that  the  preflures  00  his  wheel  muft  counterb^^lance  each  other,  and  cannot  produce 
motion* 

It  has  always  been  eafy  to  fhew  the  fallacy  of  fchemes  for  perpetual  motion  in  the  par- 
ticular inftanccs )  but  I  have  met  with  no  clear  enunciation  of  this  project  fo  general  as  to 
include  every  poffible  fcheme,  and  evince  its  own  abfurdity.  The  difficulty  of  performing 
this  feems  to  arife  from  a  want  of  dire<Sl  and  concife  demonftrations  of  tlie  fundamental 
principle  of  the  lever,  and  of  the  equal  preflure  of  fluids  in  all  dirediions. 

6  THE 


•^t*  THE  corrcfpoudent  \^ho  dcfires  an  explanation  wliehcc  tlie  fulphatc  of  p6t-a(h  men- 
tioned  in  the  laft  paragtaph  of  page  218,  was  derived,  is  reminded,  that  this  fait  is  the  mod. 
abundant  impurity  in  the  common  vegetable  alkali.  Kirwan,  in  the  -Irifti  Memoirs  for 
17S9,  dates  its  amount  in  Dantzick  pcarl-a(h  at  505  grains  in  the  pound  troy,  which  is 
upwards  of  one  feventh  of  the  weight  of  the  pure  alkali.  As  ProfelTor  Siegling  made  his 
liquor  of  flints  hy  the  ordinary  procefi^  it  is  not  to  be  fuppofed  that  his  alkali  had  undergone 
any  very  laborious  purification. 


T, 


PUBLICATIONS  ON  GALVANISM. 


H  E  c^Iehrated  Aldihi,  Profeflbr  of  Natural  PhiIolb£ffliy  at  Bofogna,h^s  fofwafflW  fo  the 
lirft  clalfs  of  the  National  Inf^tute  a  coUeftion  of  worts  publifhed  in  Italy,  fince  the  difco- 
very  mdde  by  balvani,  of  \ht  irHtation  produced  hi  iHittizl  matters  by  tite  metals,*  afid 
which  treat  oh  that  fubjefl.  ITicfc  worts  Having  been  hitherto  little  circulated,  Cittztn 
Guyton,  from  whofe  annonce  in  the  22d  volume  of  the  Annals  of  Chemiftry,  page  323, 
this  extract  is  taken,  naturally  concluded  that  the  lift  would  be  acceptable  to  the  world* 
The  paper  of  Mr.  Humboldt,  of  which  I  have  given  a  tranflation  *  j  another  memoir  by 
the  fame  author,  on  the  chemical  procefs  of  vitality,  together  with  certain  truly  phiiofophi- 
cal  remarks  upon  the  fame  by  Citizen  Fourcroy,  all  which  are  infcrted  in  the  2 2d  volume 
of  the  fame  Annals,  have  (hewn  the  great  importance  of  a  phenomenon  which  has  engaged 
the  attention  of  all  Europe.  The  firft  dafs  of  the  Inftitute  of  France  has  confidered  this 
as  an  obje£l  moft  worthy  of  inveftigation,  and  has  for  that  purpofe  nominated  a  commiflion 
of  feven  m^mbers^  who  for  five  months  paft  have  been  engaged  in  experiments  proper  to 
determine  the  circumftances,  and  develop  its  nature* 

The  following  is  the  lift.    The  annexed  remarks  are  made  by  Citizen  Guyton. 

Aloyfii  Galvani  in  BononienG  Archigymnafio  Profeflbris,  etc.  de  Viribus  £le£lricitatis 
in  Motu  mufcularij  Commentarius.  Cum  Joan.  Aldini  DifTertatione  et  Notis.  Mutinse^ 
1792.     Small  folio,  80  pages,  with  three  engraved  plates. 

This  work  contains  a  letter  of  Baflani  Carminefi,  which  exhibits  the  opinion  of  Volta 
concerning  the  feat  of  animal  ele£lricity« 

Joannis  Aldini  de  Animali  £le£iricitate  DifTertationes  duae.     Bononise,   1794*    Small 

folio^  41  pages,  with  figures. 

Dell'  Ufo  e  dcir  Attivita  dell'  Arco  Condudorc  nelle  Contrazioni  del  Mufcoli.     In  Bo- 
logna^ 1794-    Small  quarto,  168  pages.    With  a  Supplement  of  23  pages. 

Memoria  intomo  alF  ElcaricitJL  Animlile,  del  Sig.  Dott.  Gio.  Aldini,  Prof,  di  Fifica  nell' 

Univerfit^  di  Bologna,  etc.  10  June,  1 794.    In  quarto,  12  pages. 
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Trima  Brunonis  Theori^  Rudimenta*    Bononix,  1797*    OclavO)  16  pages. 

This  paper  of  Aloyfius  Zanottus  is*  written  in  the  form  of  a  letter  addrefled  to  Charles 
'Slundini* 

It  contains  a  development  of  Dr.  Brown's  opinion,  that  irritability  is  one  and  indiviflble 
relatiYC  to  the  fyftem  of  the  nerves;  that  is  to  fay,  that  this  folrce  is  diftributed  through 
every  point  of  the  fyftem,  in  the  fame  manner  as  velocity,  imprefled  on  any  body  or  fyftem 
of  bodie&i  appertains  equally  to  all  the  elements  of  this  body  or  fyftem. 

Irritants  arc  diftinguifhed  into  extrinfic  and  intrinfic. 

The  extrinfic  are  heat,  light, -found,  food,  &c.  The  blood  and  other  animal  fluids,  though 
appertaining  to  the  fyilem  of  the  animal,  appear  to  aA  on  its  economy  like  extrinfic  objcfU. 

The  intrinfic  irritants  are  the  funAions  of  the  fyftem,  fuch  as  the  mufcular  contra£lionj 
the  exercife  of  the  fenfesf  the  a£%ion  of  thought,. the  movements  of  the  brain,  &c. 

The  common  efFe£l  of  .thefe  forces  is  motion.  Each  pofiefles  a  certain  a£dvity  called 
ftimulus.  There  cannot  be. fuch  an  agent  as  a  fedative ;  for,  when  the  irritants  produce 
weaknefs,  this  weaknefs  muft  be  attributed  to  a  .dcfe£b  of  the  ftimularing  power  in 
•degree,  &c.  &c. 
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ARTICLE    I. 

Efcperhnenis  and  Ohfervations  on  the  Nature  of  Sugar,  By  IVjLLIAM  CHUICKSHANK,  ChemtJI 

to  the  Ordnance^  and  Surgeon  of  Artillery. 
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UGAR  has  been  fuppofed  to  be  a  fubftance  intermediate  between  mucilages  and  ve^- 
getable  acids>  containing  more  oxygene  than  mucilage,  and  lefs  than  the  acids.  To  afcertain 
this  and  fome  other  circumftances,  the  following  experiments  were  inftituted : 

Two  ounces  of  refined  fugar  were  introduced  into  a  retort,  and  expofed  to  a  heat  gra- 
dually increafed  until  its  bottom  became  red- hot :  there  came  over  bito  the  receiver  feven 
drachms  of  a  (harply  acid  liquor,  which  required  132  grains  of  a  folution  of  pot-a(h  to  fa- 
turate  It :  this  liquor  was  mixed  with  a  little  empyreumatic  oil :  the  charry  refiduum 
which  remained  in  the  retort  weighed  feven  drachms ;  the  quantity  of  gas  which  efcaped"^ 
during  the  operation  muft  therefore  have  amounted  to  two  drachms :  fome  of  this  was  ex* 
aminedj  and  found  to  conGft  of  a  mixture  of  carbonic  acid  gas  and  hydro-carbonate. 

Two  ounces  of  gum-arabic  were  introduced  into  a  retort  at  the  fame  time,  andexpofbd 
to  a  heat  in  every  refpe£l  fimilar :  the  quantity  of  dcid  liquor  which  came  over  into  the  re- 
ceiver amounted  to  feven  drachms  and  15  grains ;  this  contained  a  little  more  empyreu- 
matic oil,  but  was  not  fo  (harp  as^that  obtained  from  the  fugar,  and  required  only  1 1 7  grains  ^ 
of  the  Came  folution  of  pot-a(h  to  faturate  it :  the  charry  refiduum  which  remained  in  the 
retort  weighed  five  drachms  and  45  grains  j  the  quantity  of  elaftic  fluid  or  gas  which  cf-^ 
caped  during  this  procefs  muft  dierefore  have  amounted  to  three  drachms :  it  confided, ' 
like  the  former,  of  a  mixture  of  hydro-carbonate  and  carbonic  acid  gas  ^  but  towards  the*' 
end  of  the  operation  the  proportion  of  hydro-carbonate  was  more  remarkable.     From  thefe- 
experiments  it  would  appear  that  fugat  yields  by  diftillation  more  pyromucous  acid  than" 
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^uniy  in  tlie  proportion  of  132  to  117.  The  rcfiduary  charcoal  of  the  fugar  alfo  exceeded 
diat  of  the  gum  by  i-jth ;  but  this  may  in  fomc  meafure  be  accounted  for  from  the  greater 
quantity  of  the  hydro-carbonate  yielded  by  the  latter.  As  oxygene  is  now  allowed  to  be 
the  univerfal  acidifying  principle,  and  as  the  acid  yielded  in  both  inftanccs  (viz,  the  pyro- 
mucous)  was  exa£lly  of  the  fame  kind,  it  may  be  reafonably  inferred,  that  the  fugar  which 
afforded  the  greateft  qua'ntity  of  acid  contained  Kkewifc  the  greateft  proportion  of  oxygene ; 
for  it  is  probable  that  both  the  carbonic  acid  and  the  hydro-carbonate  were  formed  from 
the  decompofition  of  the  water  by  the  carbone  of  thefe  fubftances,  as  neither  was  produced 
in  any  quantity  until  near  the  end  of  the  operation  :  the  oxygene,  therefore,  contained  in 
the  former  (bould  Hot  be  cdnfidcred^  as  entering  eflentially  into  the  compofition  of  eithei; 
the  gum  or  fugar. 

It  is  well  known  that  vegetable  mucilages  and  fxcula  are  fomchow  converted  into  fugar 
by  malting  :  we  conceived,  therefore,  that  it  would  throw  confiderable  light  on  this  fubjefl:, 
to  obferve  with  more  attention  than  had  hitherto  been  done,  the  particular  changes  and 
decompoHtions  which  take  place  during  this  proccfs :  it  was  with  this  view  that  the  follow* 
ing  experiments  were  made : 

December  i,  1796.  A  quantity  of  barley,  after  being  foaked  in  water  for  24  hourSj  was 
put  into  a  wine-glafs,  and  introduced  into  a  jar  containing  common  air,  and  inverted  over 
water :  the  temperature  in  this  and  the  following  experiments  was  preferved  between  60 
and  70  as  nearly  as  pofTible.  At  the  end  of  five  days  it  began  to  grow,  and  on  the  28th 
the  greateft  part  had  thrown  out  (hoots  at  leaft  half  an  inch  in  length.  On  January  7, 
vegetation  was  ftill  going  on,  and  the  air  in  the  jar  had  fomewhat  diminidied  :  the  barley 
being  now  withdrawn  was  founcf  to  be  very  fweet,  and  nearly  converted  into  the  ftatc  of  malt. 
The  air  in  the  jar  was  found  to  confift  of  azotic  and  carbonic  acid  gas  in  the  proportioa 
of  20  to  6,  the  whole  of  the  oxygene  being  either  abforbed,  or  converted  into  carbonic  acid. 

January  19,  1797*  A  quantity  of  barley,  prevloufly  fteeped  in  water  for  48  honrS)  was 
introduced,  as  in  the  laft  experiment,  into  ajar  containing  oxygene  gas,  and  inverted  over 
water  to  which  fulphuric  acid  had  been  added.  At  the  end  of  three  days  it  begafi  to  grow, 
and  this  procefs  went  on  to  the  29tb.  The  water  had  now  rifen  confideraiblf  in  the  jar, 
the  gas  having  fuffercd  a  diminution  of  about  one-third.  The  barley  being  withdrawn 
fmclled  completely  of  malt,  and  tafted  fweet.  The  gas  in  the  jar,  on  examinatian,  iras 
found  to  confift  of  64  parts  carbonic  acid,  32  azote,  and  4  oxygene  ;  from  which  it  would 
appear  that  tlie  air  employed  in  this  experiment  had  contained  originally  about  20  per  cent. 
6i  azotic  gas. 

To  be  more  certain  of  the  nature  of  tlie  change  which  thepure  air  undergoes  in  this  pro* 
cefs,  the  experiment  was  repeated  as  follows  : 

.  January  23.  A  quantity  of  barley,  foaked  in  water  for  two  days,  was  intrednced  into  a 
jax  containing  46  meafures  of  very  pure  oxyjgene  gas,  and  inverted  over  mercuryi  At  the 
end  of  three  days  the  barley  began  to  grow,  and  this  procefs  continued  for  ten  days,  al- 
though very  flowly :  the  column  of  gas  remained  exadly  of  the  fame  height,  fo  that  it  had 
jundergonc  no  apparent  diminution. or  increafc  :  the  barley  being  withdrawn,  the  air  In  the 
jar  was  examined,  and  found  to  confift  of  carbonic  acid  gas,  mixed  with  only  i-jcth  of  its 
bulk  of  oxygene  gas.  The  barley  was  partly  converted  into  malt,  the  quantity  of  oxygene 
being  iufulhcieat  to  produce  this  change  upon  the  whole. 

Anotlier 


ArtotRcr  experiment  with  common  air  was  made  at  the  fame  time,  and  exaftly  undcf 
fimilar  circumftances.  In  this  cafe  the  barley  did  not  begin  to  grow  until  the  end  of  the 
fourth  day  J  and  at  the  end  of  ten  days  had  made  much  lef»  progrefs  than  that  in  the  oxy- 
gene  gas.  It  was  now  withdrawni  and  the  air  in  the  jar,  which  had  increafed  a  littlci  ex- 
amined ;  when  it  was  found  to  confift  of  carbonic  acid  and  azotic  gas,  in  the  proportion  of 
one  to  two  very  nearly,  mixed  with  a  very  fmall  quantity' of  oxygene  gas.  A  little  of  the 
barley  tailed  fwect. 

Being  now  fatisfied  that  during  the  evolution  of  the  facchnrine  principle  ftom  vegetable 
mucilage,  a  quantity  of  oxygene  was  either  abforbed  or  converted  into  carbonic  acid,  we 
wiflied  to  know  if  this  procefs  could  take  place  in  any  degree  without  the  prefence  of  thi^ 
gas. 

In  order  to  determine  this  point  the  following  experiments  were  made; 

January  20.  A  quantity  of  barley,  foaked  as  in  the  former  experiments,  was  introduced 
into  a  jar  filled  with,  and  inverted  over,  mercury.  At  the  expiration  of  12  days  a  very  con- 
fiderable  quantity  of  gas  was  produced,  at  leaft  five  or  fix  times  the  bulk  of  the  barley ;  buf 
nothing  like  vegetation  was  perceivable.  The  gas,  on  examination,  was  found  to  confift  of 
carbonic  acid,  being  entirely- abforbed  by  lime-water.  The  barley  had  not  the  leaft  fweet 
tafte,  nor  did  it  appear  to  have  undergone  any  fenfible  change. 

On  January  20th,  another  portion  of  the  fame  foaked  barley  was  introduced  into  jr 
wine-glafs,  and  placed  in  a  jar  containing  nitrous  gas  inverted  over  water.  At  the  ex« 
piration  of  ten  days  the  gas  had  undergone  a  flight  diminution,  but  there  was  not  the 
fmalleft  appearance  of  vegetation.  The  barky  being  withdrawn  and  examined  viras 'found 
to  have  undergone  no  appsirent  change.  The  gas  contained  about  one-ninth  of  its  bulk  of 
carbonic  acid,  the  remainder  being  pure  nitrous  gas,  aS'  was  manifeft  from  the  diminution 
it  underwent  when  mixed  with  pure  air.  The  nitrous  gas  which  difappeared'  in  this  in- 
ftance  muft  have  been  abfotbed  either  by  the  barley  or  the  water.  The  carbonic  acid  which 
was  found  mixed  with  it  is  accounted  for  by  the  laft  experiment. 

Two  other  portions  of  foaked  barley  were  introduced  into  jars,  the  one  containing  hy- 
drogenous and  the  other  azotic  gas,  and  inverted  over  mercury.  At  the  expiration  of 
12  or  14  days  there  was  not  the  leaft  appearance  of  vegetation  in  either,  but  the  gas*  in  both 
had  increafed  in  bulk  abont  one-fifth.  The  barley  being  withdrawn  and  examined,  that 
in  the  hydrogenous  gas  tafted  mufty,  but.  not  in  the  leaft  fweet ;  the  portion  ia  the  azote 
appeared  to  have  undergone  no  change.  The  gas  in  both  jars  contained  from  one-third  to 
one-fourth  of  its  bulk  of  carbonic  aoid,  the  remainder  being  the  original  gafes  not  fenfibly^ 
changed. 

,  From  thefe  experiments,  therefore,  it  is  manifeft  that  oxygene  is  abfolutely  necefiary  for 
the  converfion  of  vegetable  mucilage  into  fugar ;  as  in  no  one  inftance  was  faccharine  mat- 
ter fprmed  where  this  was  not  prefent,  and  the  quantity  of  the  former  was  always  in  pro- 
portion to  that  of  the  latter ;  for  we  fonnd  in  ali  the  experiments,  that  when  the  oxygene 
was  confumed  this  procefs  immediately  ceafed. 

It  may  ftill  remain  doubtful,  whether  the  oxygene  is  abforbed  by  the  barley,  or  merely 
converted  into  carbonic  acid  :  we  are  inclined  to  think. that  it  is  driefly  abforbed,  although 
part  may  alfo  be  confumed  in  the  formation  of  this  acid ;  for  we  have  feen  that  carbonic 
add  is  formed  without  the  prefence  ef  oxygene  gas,  aiid  that  in  very  confiderable  quantity^. 
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which  we  conceive  mu-fl  proceed  from  the  decompofition  of  the  water,  wUofe  oxygerte  unites 
\  vi'ith  the  carbonaceous  principle  of  the  barley,  whilft  its  hydrogene  is  flxed,  and  may  be  ne-« 
ccflary  to  the.  produflion  of  the  faccharine  principle.  We  fuppofe,  therefore,  that'' vegetable 
mucilage  is  converted  into  fugar  by  being  deprived  of  part  of  its  carbone,  whilft  at  the  fame 
time  it  is  combined  with  a  greater  proportion  of  oxygene,  and  probably  alfo  with  hydrogene 
from  the  decompoGtion  of  the  water.  Thus,  tlien,  both  from  analyfis  and  fynthefis,  it  would 
appear  that  fugar  contains  more  oxygene  than  gum  or  mucilage.  From*  this  hypothefis  it 
Ihould  follow,  that  if  fugar  be  deprived  of  part  of  its  oxygene,  it  mud  lofc  its  fweetncfs, 
and  form  fomething  like  a  gum.  To  fee  how  far  this  might  be  accomplilhed  was  the  objcft 
of  the  following  experiments : 

A  quantity  of  fyrup  was  introduced  into  a  jar,  filled  with,  and  inverted  over,  mercury  : 
to  this  was  admitted  about  an  equal  quantity  of  the  phofphuret  of  lime:  a  confiderable  pro- 
duction of  phofphoric  gas  almoft  immediately  took  place,  and  the  mercury  defcended  in  the 
jar.  At  the  expiration  of  eight  days  the  fyrup  was  withdrawn  and  examined  :  it  had  no 
fenGbly  fweet  tafte,  but  rather  a  bitter  aftringent  one :  when  filtered,  alcohol  produced  a 
copious  white  precipitate  in  flakes,  very  muchrefeinbling  mucilage  feparated  from  water  by 
the  fame  fubftance. 

This  experiment  was  fomewhat  varied,  as  follows:  A  little  refined  fugar  wasdiflblved  in 
alcohol,  an4  to  this  folutioh  a  little  phofphuret  oFiime  was  added  :  no  phofphoric  gas  was 
difcngaged,  nor  was  there  any  apparent  a£lion  produced.  More  phofphuret  being  added, 
the  mixture  was  allowed  to  remain  in  an  open  phial  for  feveral  days.  The  alcohol  having 
now  evaporated,  feme  difliilcd  water  was  added  \  but  this  ptoduced  no  difengagement  of 
gas,  as  tlic  phofphuret  had  been  decompofed,  and  converted  principally  into  phofphate  of 
.  lime.  The  mixture  being  filtered,  and  the  clear  liquor  evaporated,  there  remained  a  fub- 
ftance extremely  tenacious,  and.  which  had  much  the  appearance  of  gum-arabic  :  its  tafte 
was  bitter,  with. a  very  flight  degree  of  fweetnefs  :  when  fqueezed  between  the  teeth  it  had 
exaftly  the  feel  of  gum,  but  nK>re  tenacious.  It  did  not  appear  to  be  foluble  in  alcoholi 
or  at  leaft  in  any  conGderable  'quantity :  when  thrown  upon  a  red-hot  iron  it  burned  like 
gum,  and  left  a  bulky  and  infipid  charcoal. 

It  would  appear  that  the  faccharine  principle  had  been  deftroyed  in  thefe  experiments^ 
and  converted  into  fomething  refcmbling  a  gum.  That  this  was  eflfefted  by  the  abftra£tion 
of  oxygene  is  rendered  highly  probable  from  the  nature  of  the  fubftance  employed,  and  the 
diange  which  it  was  found  to  have  undergone ;  for  there  are  few  fubftances  which  have  fa 
ftrong  a  tendency  to  combine  with  oxygene  as  the  phofphuret  of  lime. 

Some  other  trials  of  a  fimilar  nature  were  made  by  mixing  folutions  of  fugar  with  the^ 
diflferent  fulphurets,  and  by  agitating  them  with  nitrous  gas  in  clofe  veflels.  The  fulphurets, 
more  efpeciaily-that  of  pot-afli,  manifeftly  deftroyed  the  faccharine  tafte;  but  on  account  of 
the  folubility  of  the  different  produds,  the  particular  change  produced  could  not  be  fo  eafily 
and  accurately  afcertained.     The  adlion  of  the  nitrous  gas  was  more  doubtful. 

In  order  to  be  fatisfied  how  far  the  efl^efts  produced  on  the  fugar  in  the  former  experi« 
ments  might  be  owing  to  the  abfttadion  of  oxygene,  I  added  to  folutions  of  this  fubftance 
in  water  both  lime  and  pure  pot-afti,  and  boiled  the  mixtures  for  fome  time  :  the  lime  ap- 
peared manifeftly  to  combine  with  tlie  fugar,  to  which  it  communicated  a  very  bitter  af- 
tringent tafte,  but  it  was  ftill  fweet :  a  little  alcohol,  added  to  the  filtered  folutions,  pro- 
duced 
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"duced  a  precipitate  In  white  flakes^  fomewhat  fimilar  to  that  iil  the  experlments^ith  the 
fulphuret  of  lime,  and  which  appeared  to  he  a  combination  of  fugar  with  lime*'  Some  of 
the  filtered  folution  being  evaporated  by  a  gentle  heat,  there  remained  a  femi-tranfparcnt 
fubllance,  much  more  tenacious  than  the  thickeft  fyrup,  but  not  equal  to  that  produced  by 
the  phofphuret  of  lime;  and  it  had  a  rough  bitter  tafte,  mixed  with  a  certain  degree  of  fweet- 
nefs.  The  pot-a(h,  likewife,  appeared  to  combine  with  the  fugar,  the  fweet  tafte  being  more 
completely  deftroyed  than  by  the  lime :  but  on  the  addition  of  fulphuric  acid,  fulphat  of 
pot-a(h  was  formed ;  and  this  being  precipitated  by  alcohol,  the  fweetnefs  appeared  to  be 
completely  reftored.  It  may  likewife  be  proper  to  6bferve>  that  when  alcohol  was  added 
to  a  portion'  of  the  fcdution  of  fugar  and  pure  pot-a(h,  after  it  had  been  boiled  to  the  con- 
fiftence  of  a  fyrup,  no  union  took  place  \  but  the  alcohol,  notwithftanding  the  mixture  was 
completely  and  repeatedly  agitated,  dill  fwam  pure  on  the  top  :  a  circumftance  which 
would  feem  to  prove  that  a  new  compound  is  formed  by  thefe  fubftances^  which  is  not  folu* 
ble  in  this  fluid,  although  they  are  both  completely  fo  in  a  feparate  ftate.  -  . 

Having  found  that  fugar  might  be  converted  into  a  fpecies  of  gum  by  depriving  it  of 
part  of  its  oxygene,  we  conceived  that  gum  might,  by  the  addition  of  oxygene,  be  changed 
into  a  fubftance  refembling  fugar  :  but  although  feveral  trials  were  made  with  a  view  of 
combinining  oxygene  in  different  proportions  with  gum-arabic,  no  remarkably  fweet  tafte 
was  ever  perceived;  on  the  contrary,  in  every  experiment,  it  feemed  to  run  very  readily  into 
the  acid  ftate,  particularly  when  it  was  cxpofed  to  the  adion  of  the  oxygenated  muriatic 
acid  gas. 

Indeed,  when  we  refleft  on  the  change  which  vegetable  mucilage  muft  undergo  in  the 
procefs  of  nialting,  the  fimple  addition  of  oxygene  does  not  appear  to  be  fufficient;  for  it  is 
probable,  from  the  decompofition  of  the  water,  that  fomc  of  its  hydrogene  is  fixed,  whilft 
its  oxygene  difengages  and  unites  with  a  certain  portion  of  charcoal,  forming  the  carbonic 
acid.  Although,  therefore,  fugar  and  mucilage  confift  of.  the  fame  principles,  viz.  carbone, 
hydrogene,  and  oxygene ;  yet  linlefs  thefe  are  combined  in  certain  determinate  proportions, 
the  former,  which  when  pure  is  no  doubt  always  a  fubftance  of  exa£lly  the  fame  nature, 
canndt  be  produced:  the.  hydrogene  and  carbone  muft  be  accurately  proportioned^  as  well 
•as  the  oxygene  *•  •  — ' 
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jf/i  Account  of  the  Manner  in  which  Heat  is  propagated  in  Fluids^  and  its  general  Confeqtiences 
in  the  Economy  ^f  the  Univnfe.    Bj  BENJAMIN  Count  o/RuMFORD. 

'  (Continued  frotn  page  1^6.] 

JL  ROM  the  internal  mqtionsof  the  particles  of  fluids  during  the  propagation  0^  h^at, 
and  from  this  propagation  being  impeded  by  every  thing  which  obftru£ts  thofe  motions, 
refults  amounting  to  a  theory  of  conCderable  perfection  were  obtained.  But  the  fubje£t 
in  the  hand  of  our  author  natursdly  produced  other  interefting  confequenqes.     It  ;was  %y 

^  This  paper  is,  with  the  author's  confent,  extra^^ecl  from  ]!)r.  RoIIo's  account  of  tWb't^fcs  of  4)tabet(!4 
MclUtus,  of  \Vhich  an  account  Is  given  ih  this  JoUrti^,  p.  t%^\  ^  .(  .  .••V.''    ,^i 
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the  motions  of  very  fine  particles  of  duft,  accidentally  mixed  with  the  fpirits  of  wine  m  htf 
large  thermometerj  and  (Irongly  illuminated  by  the  fun,  that  he  firft  difcovered  the  inter- 
nal motions  which  take  place  in  that  fluid  during  the  time  of  its  cooling.  Re6efttng  on 
this  faA»  he  immediately  concluded  that  the  internal  motions  of  water  might  be  rendered 
equally  vifible  if  he  could  find  any  folid  body  of  the  fame  fpecific  gravity  as  water,  and  not 
liable  to  be  diflblved  by  it ;  but  fuch  a  fubftance  was  not  to  be  found.  On  refleftion,  it 
occurred  to  him,  that  it  is  very  fortunate  that  fuch  fubftances  do  not  abound;  for  otherwlfc 
we  fliould  find  great  difliculty  in  procuring  water  in  a  pure  (late. 

As  the  folid  could  not  be  found,  he  determined  to  adapt  the  fpecific  gravity  of  the  fluid 
to  that  of  a  folid  vcr^  little  heavier  than  the  water  in  its  pure  (late.  The  folid  he  made 
choice  of  was  tranfparent  yellow  amber,  of  the  fpecific  gravity  1,078,  and  he  increafed  the 
denfity  of  the  water  by  the  addition  of  a  pertain  quantity  of  pure  alkaline  fait. 

The  amber  was  broken  into  pieces  about  the  fize  of  mudard-feeds,  and  put  into  a  glafg 
veflel  with  water,  to  the  bottom  of  which  it  funk.  Upon  the  gradual  addition  of  an  alkaline 
folution  fome  of  the  pieces  rofe  to  the  top,  and  others  fubfided  to  the  bottom»  The  former 
were  removed,  and  the  fluid  was  carefully  adjufled  with  regard  to  denfity,  until  the  latter^ 
at  60°  of  Fahrenheit,  remained  permanently  fufpended  in  the  diiTerent  parts  of  the  fluid. 

A  glafs  veflel,  confiding  of  a  globe  about  two  inches  in  diameter,  with  a  cylindrical  neck 
three  quarters  of  an  inch  in  diameter  and  twelve  inches  long,  was  filled  with  this  prepared 
liquid.  The  firft  experiment  made  with  this  inftjrument  was  •  to  plunge  it  into  a  tall  glafs 
jar,  nearly  filled  with  water  almoft  boiling  hot.  Two  currents,  in  oppofite  dire£lionSibcgaa 
to  move  at  the  fame  inftant  with  great  celerity  in  the  liquid  in  the  cylindrical  tube,  ,the 
afcending  current  occupying  the  fides  of  the  tube,  while  that  which  moved  downwards 

occupied  its  axis. 

As  the  (aline  liquor  grew  warm,  the  velochy  of  thefe  currents  .graduajiy  diminlOied  ;  and 
at  length  when  the  liquor  had  acquired  the  temperature  of  the  furrouoding  water  in  the 
jar  the  nation  ceafed  entirely.  On  taking  the  glab  body  out  ;of  the  water,,  the  Internal  mo* 
tions  of  the  liquor  recommenced :  but  the  currents  had  changed  their  direAions  %  that 
which  occupied  the  axis  of  the  tube  being  now  the  afcendiog  current.  When  the  cylio* 
drical  tube  was  inclined  a  little,  the  afcending  current  occupied  the  upper  fide,  and  the  de* 
fcending  current  the  lower.  Both  ceafed  when  the  inftrument  had  acquired  the  conunoa 
temperature  of  the  room. 

In  all  cafes  when  the  inftrumcnt  received  heat,  the  current  in  the  axis  of  the  tube,  or  on  its 
lower  fide  if  inclined,  moved  downwards;  but  when  it  parted  with  heat  this  motion  was  in 
the  oppofite  dircftion.  A  change  of  a  few  degrees  was  fufficient  to  fet  the  contents  of  the 
inftrumcnt  in  motion.  By  the  application  of  an  heated  body,  the  fluid  ncareft  the  place 
of  contact  was  made  to  afcend  j  but  the  contrary  cfFedl  took  place  if  the  body  were  colder 
than  the  inftrumcnt.  And  in  cither  cafe  the  motion  thus  produced  was  attended  with  a 
contrary  motion  in  fome  other  part  of  the  inftrumcnt.  ^ 

Ampng  the  applications  made  by  this  enlightened  philofopher  to  an  inftrument  fo  calcu* 
lated  to  detcA  the  fecret  operations  of  nature,  oneconfifted  in  applying  a  lighted  candle  to 
the  raiAdle  of  the  tube  while  it  was  incHned  in  an  angle  of  about  45  degrees  from' the  per- 
Mndi^ular.  In  this  fituation  the  motion  of  the  fluid  in  the  upper  part  of  the  tube  became 
exceOively  rapid,  while  that  in  the  lower  end^  where  it  was  united  to  the  globej  as  well  as 

that 
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tSite in  the  gloWit!feIf^;resmiDJei  almbd  perfeiaijr  nt  r^ft.  He  even  found  chat  he  could 
nsikddK  flndiitt  th«'tipp«v  fVA  of  tktf  tubea^ually  boil)  without  that  in  the  lower  part 
of  it  appearing  to.  the  lumd  taJBie  (enfibly  warmecT/  This  fa^  not  only  ferred  to  (hew  that 
heat  is  ^rppagaited  in  fluids  chiefly^  if  not  altogether,  by  yirtue  of  thefe  motions  which  arife 
£roRi  change  «f  denfityi  but  atfo  that  this  tftfhfportation  cannot  be  efie^d  in  a  downward 
(KreAiM« '  ■  •■•'i  •    -  -■ 

It  is  an  opinion  generally  received  aftio^g  plrilofephefs^  that^water  cannot  be  heated  in 
cbnta£t  with  ice*  Our  author  faw  that  this  j^tion  muft  be  in  a  great  meafure  true  with 
regard  to  water  opoir  which,  ice  floats  $  becaufe  the  hot  water  muft  afcend  and  be  cooled 
by  caufing  part  of  the  ice  to  melt,  while  the  cold  water  from  this  kft  would  defcend  to  the* 
bottom,  and  tend  to  preferve  the  ttniformity  of  temperature.  But  he  faw  Kkewife  that  the 
caife  wonld  be  tery  dtffieapent  if  the  ice  were  at  the  bottom.  The  inferences  which  this  courfe 
of  argument  wc^uld  point  out  are  fiiigular  and  ftriking,  and  they  are  not  lefs  fo  for  being 
announced  to  ud  under  the  incontrovertible  fanftion  of  experiment.  Natural  an  the  induc- 
tion isy  fnxn  the  traluabld^  exf^ctimems  of  Count  £^m£^rd,  it  ffill  (eems  in  fome  meafure 
adonifliing  to  aflert,  that  water  may  be  a£lually  made  to  boil,  and  kept  in  that  (late  without 
melting  a  piece  of  ice^  plunged  in  it,  with  more  rapidity  than  could  be  eScfled  by  cold  water 
at  40  degrees. 

The  dire£):  experiments  with  ice  and  hot  water  are  related  at  large  in  the  Eflay.  A  cir- 
cular cake  o/'ice,  three  inches  and  an  half  thick,  weighing  10^  ounces,  and  nearly  as  large 
as  the  internal  diameter  of  a  cylindrical  glafs  jar,  which  was  4,7  inches  (its  height  being  14. 
inches),  was  gently  put  into  the  jar  containing  flx  pounds  i  \  ounce  troy  of  boiling*hot  water. 
It  was  entirely  melted  in  two  minutes  and  fifty-eight  feconds. 

The  fame  experiment  was  repeated;  but  inftead  of  the  ice  being  fufFered  -to  fwim  at  the 
fur  face,  it  was  fattened  down  in  the  bottom  of  the  jar,  and  the  hot  water  poured  upon  it. 
The  ice  was  retained  in  the  jar  by  means  of  two  flender  and  elaftic  pieces  of  deal  about 
i-8th  of  an  inch  thick,  and  i-4th  of  an  inch  wide,  which,  being  a  very  little  longer  than  the 
internal  diameter  of  the  jar,  were  of  courfe  (lightly  bended  when  they  were  introduced  into 
it  horizontally;  and  on  being  put  down  to  the  ice  at  right  angles  to  each  other,  they  con- 
fined it  from  rifing  to  the  furface  when  the  water  was  added.  A  circular  piece  of  ftrpng 
writing-paper  was  laid  upon  the  ice  to  pfoteft*  it  from  the  attion  of  the;|>oiling-hot  water 
while  poured,  which  was  afterwards  removed,  as  gently  as  pofTiblc,  by  means  of  a  firing 
fattened  on  oiie  fide ;  and  to  prevent  the  glafs  jar  from  being  cracked  by  the  fudden  appli- 
cation of  the  boiling-hot  water,  a  fmall  quantity  of  cold  water  was  firft  poured  in,  to  cover 
the  ice  to  the  height  of  about  a  quarter  of  an  inch.  The  hot  water  was  poured  againfl 
the  middle  of  the  circular  piece  of  paper. 

The  jar  with  the  ice  and  the  hot  water  in  it  being  placed  on  a  table  near  a  window,  the 
paper  which  covered  the  furface  of  the  ice  was  gently  drawn  away,  and' the'Cottrtt  prepifid 
himfelf  to  obfefve  at  his  cafe  the  refult  of  this  moft  interpding  experiment. 

A  very  few  moments  were  fufficient  to  (hew  that  his_expe£latiou- with  regard  to  it  would 
not  be  difappointed.  In  the  former  experiment  a  (imilar  cake  of  ice  had  been  entirely 
melted  in  lefs  than  three  minutes ;  but  in  this,  after  more  than  twice  that  time  had  elapfed, 
the  ice  did  not  (hew  any  apparent  figns  of  beginning  to  melt.  Its  furface  remained  fmooth 
and  fliinihg,  and  the' wat'c^  Immediately  in  contact  with  it  appeared,  to  be  perfectly  at  reft ; 
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though  the  internal  motions  of  the  hot  water  above  it^  which  was  giTing'off  its  heat  to  the 
fides  of  the  jar  and  to  the  air,  were  very  rapid,  as  was  di(lin£Uy  perceived  by  means  of  (bme 
earthy  particles  or  other  impurities  which  this  water  happened  to  contain. 

The  ice  was  examined  with  a  very  good  lens,  but  it  was  a  long  time  before  any  figns  of 
Its  melting  could  be  perceived.  The  edges  of  the  cake  remained  Oiarp ;  and  the  minute  par- 
ticles of  dud,  which  by  degrees  were  precipitated  by  the  hot  water  as  it  grew  colder,  remained 
motionlefs  as  foon  as  they  touched  the  furface  of  the  ice. 

i\s  the  hot  water  had  been  brought  from  the  kitchen  in  a  tea-kettle,  it  was  not  quite  boil* 
ing-hot  when  it  was  poured  into  the  jar.  After  it  had  been  in  the  jar  one  minute,  a  ther- 
mometer was  plunged  into  it,  and  its  temperature  found  to  be  at  i8o. 

After  12  minutes  had  elapfed,  its  temperature  at  the  depth  of  one  inch  under  the  fur- 
face  was  170^.  At  tlie  depth  of  feven  inches,  or  one  inch  above  the  furface  of  the  ice,  it 
was  at  i69,\>  *,  while  at  only  3-4ths  of  an  inch  lower,  or  i-4th  above  the  furface  of  the  ice^ 
its  temperature  was  40^. 

When  20  minutes  had  clapfed,  the  heat  in  the  water  at  difRnrent  depths  was  found  to.bc. 

as  follows : 

Degrees.- 
Immediately  above  the  furface  of  the  ice  ■  —  40 

At  the  dldnnce  of  half  an  inch  above  it          ■  — -  46 

At  I  Inch                          '                  ■               I       ■  -^  130 

At  3  Inches                            ■                              I  —  159 

At  7  Inches                           ■                 —-  «••'  16^ 

When  35  minutes  had  elapfedi  the  heat  was  as  follows : 

At  the  furface  of  the  ice                 ■          ,                ■  —  40 

Half  an  Inch  above  it             — —                ■     ■  ■  —  76 

1  Inch  above  it                      «                        "  —  1 10 

2  Inches                         ■                  —        '  •—  144 

3  Inches            .— .            ■  —  14& 

5  Inches                ■                      — —            — -  —  148  { 

7  Inches                —                — —                   ■  •—  149 

At  the  end  of  one  hour  the  heat  was  as  follows : 

At  theTurface  of  the  ice                — —  — —            •-»  40 

X  Inch  above  it                 — —  —                _  go 

2  Inches                             '                     — —  .^  ug 

3  Inches                   ^  —  128. 

4  Inches                ■                        '  —            .i^  130 
7  Inches                     —                ■  —  131 

After  one  hour  and  15  minutes  had  ekpfcd,  the  heat  was  found  to  be  as  follows  i 

Degrees. 

At  the  furface  of  the  ice  i.            «  —  40 

1  Inch  above  it                _—                    -*_  —  82 

2  Inches                    ■  ■  —  jo6 

3  Inches                    -i  123 

The  heat  of  the  water  had  hitherto  been  taken  near  the  fide  of  the  jar:— in  the  two  fol- 
lowing trials  it  was  meafurcd  in  the  middle  or  axis  of  the  jar. 

When 
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When  one  hour  and  30  minutes  (reckoning  always  from  the  time  when  the  boiling 
prater  was  poured  into  the  jar)  had  elapfed,  the  heat  of  the  water  in  the  middle  of  the  jar 
was  found  to  be  as  follows : 


At  the  furface  of  the  ice 

1  Inch  above  it 

2  Inches  •— - 

3  Inches  ■     ■■> 
7  Inches   ,         ' 


Degreet. 
84. 

116 
117 


When  two  hours  had  elapfed,  the  heat  in  the  middle  of  the  jar  was  found  to  be  ais 


follows ; 


At  the  farface  of  the  ice 

1  Inch  above  it 

2  Inches 

3  Inches 

4  Inches 
i>  Inches 
7  Inches 


l>egre«s. 
40 

76 

94 
106 

loS 
-Jo8f 


Aa^nd  being  now  put  to  the  experiment,  the  hot  water  was  poured  off  from  the  ice^ 
tind  on  weighing  that  which  remained,  it  was  found  that  five  ounces  fix  grains  troy  (  =  2406 
grains)  of  ice  had  been  melted. 

Taking  the  mean  temperature  of  the  water  at  the  end  of  the  experiment  at  106^,  our 
author  remarks  that  the  mafs  of  hot  water  (which  weighed  73;^  ounces)  was  cooled  78  de« 
grecs,  or  from  the  temperature  of  184®  to  that  of  106*  during  the  experiment.  Now  as 
it  is  known  that  one  ounce  of  ice  abforbs  juft  as  much  heat  in  being  changed  to  water  as 
one  ounce  of  water  lofes  in  being  cooled  140  degrees,  it  is  evident  tliat  one  ounce  of  water 
which  is  cooled  78  degrses,  gives  ofiFas  much  heat  as  would  be  fufficient  to  melt  tV^^^  ^^ 
an  ounce  of  ice  5  confequently  the  73  J  ounces  of  hot  water  which  in  this  experiment  were 
Cooled  78  degrees,  actually  gave  oS  as  much  heat  as  would  have  been  fufEcicnt  to  have 

melted  '^^ — ^-  =  40t^  ounces  of  ice. 
40 

But  the  quantity  of  ice  actually  melted  was  only  about  five  ounces  \  and  hence  it  ap^ 
pears  that  lefs  than  one-eighth  part  of  the  beat  loil  by  the  water  was  communicated  to  the 
ice,  the  r«ft  being  carried  off  by  the  air. 

As  the  famq  quantity  of  hot  water  was  ufed  in  this  experiment  and  in  that  which  im- 
mediately preceded  it,  and  as  this  water  was  contained  by  the  fame  yeflel,  it  appears  that 
ice  melts  more  than  eighty  times  flower  at  the  bottom  of  a  mafs  of  boiling-hot  water  than 
when  it  is  fufiered  to  fwim  on  its  furface.  For  as  in  the  one  experiment  i o\  ounces  of 
ice  were  melted  in  two  minutes  and  58  feconds,  five  ounces  at  lead  mud  have  been  melted 
in  one  minute  and  29  feconds;  but  in  the  other  experiments  two  hours  or  120  minutes 
were  employed  in  melting  five  ounces* 
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The  tee  howerer  wdi  meltod,  though  tery  flDwly«  at  thc4>^ttom  of  the  hot  ttrater  %  %tA  fhar 
circutnilance  alone  would  have  been  fufficient  to  have  overturned  the  hypotheGs  refpe£ling 
the  propagation  of  heat  in  fluids  folely  by  ipeans  of  the  inteftinc  motion.  This  confidera^ 
tion  demanded  ian  attentive  enquiry  into  the  circum{lance&  of  tfie  experiment.  Otic  of  the 
mod  ftriking  among  thefe  ^^^,  that  at  the  end  of  the  firft  half-hour,  on  examining  the  fur- 
face  of  the  ice  it  was  feen  that  it  had  been  melted,  excepting  only  where  it  had  been  covered^ 
or  as  it  were  fliadoweil,  by  the  flat  flips  of  deal  which  fecufed  the  ice  in  its  place.  It  was 
Angular  that  the  ice  was  defended,  not  only  by  the  undermoft  piece  of  wood>  but  by  the 
other,  which,  lying  acrofs  the  umler  piece,  did  not  Touch  the  ice  any  where  except  at  its 
ends.  It  was  natural  to  imagine,  from  this  event,  that  the  ice  had  been  melted  by  radiant 
lieat  or  calorific  rays  from  the  water,  and  that  a  portion  of  rhefe  hvA  been  intercepted  by 
the  flips  of  deal.     This  fuppofition  pointed  out  another  courfe  of  experimental  enquiry. 

Into  a  cylindrical  glafs  jar,  6J  inches  in  diameter,  and  eight  inches  high,  was  put  a  circular 
cake  of  ice,  as  long  as  could  be  made  to  enter  the  jar,  and  about  3^-  iflches  thick  5  and  on  the 
flat  and  even  furfacc  of  the  ice  was  placed  a  circular  plate  of  the  thinneft  tin  that  could  be 
procured,  near  6|  inches  in  cfiameter,  or  fufficiently  large  jufl  to  cover  tlie  Ice,  This  plate 
of  tin  (which,  to  preferve  its  form  or  keep  It  quite  flat,  was  ftrengthened  by  »  ftrong  wire^ 
which  went  round  it  at  its  circumference)  had  a  circular  hole  in  its  centre  juft  two  inchss 
in  diameter;'  and  it  was  firmly  fixed  down  on  the  upper  furface  of  the  cake  of  iccyby 
means  of  feveral  thm  wooden  wedges  which  pafled  between  Its  circumference  and  the  fides 
of  the  jar. 

A  fecond  circular  plate  of  tin,  with  a  circular  hole  in  its  centre,  two  inches  in  diameter, 
and  in  all'  other  refpedVs  exa£lly  like  that  already  defcribed,  was  now  placed  over  the  firft^ 
and  parallel  to  it,  at  the  di (lance  of  jud  one  inch,  and,  like  the  firfl^,  was  firmly  fixed  in  itsi 
place  by  wooden  wedges. 

TheTe  perforated  circular  plates  being  fixed  in  their  places,  the  jar  was  placed  in  a  room 
where  Fahrenheit's  thermometer  ftood  at  34%  and  ice-cold  water  was  poured  into  it,  till  tlie^ 
water  juft  c;pvered  the  upper  plate  ;  and  then  the  jar  was  filled  to  within  half  an  inch  of 
its  brim  with  boiling  water,  and,  being  covered  over  with  a  boards  was  fuflered  to  remain 
quite  two  hours. 

At  the  end  of  this  time,  the  water,  which  was  ftill  warm,  was  poured  off,  and,  the  circular 
plate  being  removed,  the  ice  was  examined. 

A  circular  excavation,  juft  as  large  as  the  hole  in  the  tin  plate  which  covered  the  ico 
(namely,  two  inches  in  diameter),  and  corrcfponding  with  it,  perfcftly  well  defined,  and 
about  2-ioths  of  an  inch  deep  in  the  centVe,  had  been  made  in  the  ice. 

This  was  what  our  author  expefted  to  find ;  but  there  yras  fomething  more  which  he 
did  not  expe£l,  and  which  for  fome  time  he  was  quite  at  a  lofs  to  account  for.  Every  part 
of  the  furface  of  the  ice  which  had  been  covered  by  the  tin  plate  appeared  to  be  petfeft,  levels 
and  fmooth,  and  (liewed  no  figns  of  its  having  been  melted  or  diniiniftied,  e>:cepting  only 
hi  one  .place,  where  a  channel  about  an  inch  wide,  and  a  little  more  than  2-ioths  of  an 
inch  deep,  which  fliewcd  evident  marks  of  having  been  formed  by  a  ftream  of  warm 
water,  led  from  the  excavation  juft  mentioned  in  the  centre  of  the  upper  part  of  the  cake  of 
ice  to  its  circumference.  As  the  edge  or  vertical  fide  of  the  cake  of  ice  was  evidently 
worn  away  where  this  ftream  pafled,  there  could  be  no  doubt  with  refpeft  to  its  diredion. 

1  •  It 
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It  certainly  nn  out  of  the  circular  excavation-  in  the  middle  of  the  icc;  and  though  it 
•might  at  (irft  appear  difficult  to  explain  the  fadl,  and  to  (hew  how  this  hoi  water  could  at* 
rive  at  that  place  ;  yet  it  was  quite  evident  that  the  imnfediate  caufe  of  the  motion  of  this 
flream  of  water  could  be  no^  other  than  its  Specific  gravity  being  greater  tlian  that  of  the 
Te(i  of  the  water  at  the  fame  depth ;  and  that  this  greater  fpccifu:  gravity  was  at  the  fame 
time  accompanied  by  a  higher  degree  of  heat,  is  evident  from  the  dtcp  channel  which  this 
ftream  had  melted  in  the  ice,  while  other  parts  of  the  furface  of  the  ice  at  the  fame  level 
were  not  melted  by  the  water  which  refted  on  it. 

This  experiment,  though  attended  with  remarkable  circumrtanccs^  did  not  clearly  fhcw 
that  the  fufion  of  the  uncovered  part  of  the  ice  had  been  effected  by  radiant  heat.  It  oc- 
^curred  to  the  author, 't'lat  radiant  heat,  like  light,  might  probably  be  rcflefted  downward* 
in  pan  from  the  iHtcrnal!  fuvface  of  the  water ;  and  confcquently,  that  it  might  be  expected 
that  a  light  black  body,  namely,  a  circul^ir  piece  of  deal  board,  covered  over  with  black  (ilk, 
•vould  abforb  a  portion  of  the  whole  body  of  rays  which  were  diredlod  to  the  ice.  •  This 
^rial  was  made,  but  with  no  fenfible  efieft.' 

As  it  is  uncertain  whether  heat  in  the  radiant  ftate  can  be  reflefted  in  this  manner, 
the  experiment  m^y  perhaps  be  confideted  as  likely  to  afford  a  lefs  equivocal  conclufion 
than  might  have  been  obtained  from  the  application- of  a  polifhed  metallic  furface  to  the 
>fuperior  termination  of  the  cylinder  of  water.  But  the  appearance  of  a  channel  worn  in 
the  plate  of  ice  in  the  preceding  experiment  gave  rife  to  meditations  which  clearly  pointed 
'Out  the  manncsr  in  which  the  ice  was  melted,  and  rendered  the  attempts  to  dete£l  the  fup^ 
"pofed  operation  of  latent  heat  unneceflary.  The  Count's  explanation,  in  his  ovra  words, 
is  as  follows : 

Though  it  is  one  of  the  mod  general  laws  of  tuiture  with  Mrhich  we  are  acquainted,  that 
all  bodies,  folids  as  well  as  fluids,  are  condenfed  by  cold,  yet,  in  regard  to  water,,  there  ape- 
pears  to  be  a  very  remarkable  exception  to  this  law.  Water,  like  aS  ether  known  bodies,  is 
indeed  condenfed-  by  <:old..at  every  degree  o^  temperature  which  is  confiderably  higher  tl^aa 
that  of  freezing;  but  its  cgndenfation,  on  parting  with,  heat,  does  not  go  on  till  it  is  changed 
^o  ice^  but  when  in  cooling,  its  temperature  has  reached  to  40  degrees  of  Fahrenheit's  icale^ 
or  ^ht  degrees  above  freezing,  it  ceafes  to  be  farther  condenfed  ;  and  on  being  cooled  (till 
farther  it  actually  expands,  and  continues  to  expand  as.  it  goes  on  to  lofe  move  of  its  heal^ 
till  at  laft  it  freezes  j  and  at  the  naooient  wBen  it  becomes,  folid,  and  even  after  it  has  become 
folid,  it  expands  (till  more  on  growing  colder.  This  fa£t,  which  is  *  noticed  by  M..  de  i4uc, 
in  his  excellent  Treatife  on  the  Modifications  of  the  Atmofphere,  has  (ince  been  farther 
inveftigated  apd.  put  bie^yond  all  doubt  by  Sir  Chair^^s  Blagden.  (See  Philofophical  Trani^ 
a£tions,  vol.  Ixxviii.)  ^ 

'  '  Now^as  water  ill  conta£fc.witb  mcking.  iee:if  always  at  the  temperature  of  32<>,  it  is  evi- 
dent that  water  at  that  temperature  muft  be  fpecifically  lighter  than  watef  which  i$  cigil^ 
degrees  warmer,  or  at  the  temperature  of  40**:  confequently,  if  two  parcels  of  water  at  thefe 
two  temperatures  be  contained  in  the  famevefTel,  that  which  is  the  colflcTl  and  lighteft  mufl: 
neccirarily  give  place  to  that  which  is  warmer  and  heavier,  and  currents  of  the  warmer 
water  will  defcend  in  tha^  which  is  colder. 

♦  The  fimple  fadl  was  alfo  obfcrvcd  by  the  celebrated  Robert  Boyle.     N. 
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lu  the  two  lad  experiments,  as  the  circular  tin  plate  whieh  covered  the  fttrfacc  of  the  icc- 
fervcd  to  confine  the  thin  (hect  of  water  which  was  between  the  plate  and  the  ice — as 
tliis  water  could  not  rife  upwards,  being  hindered  by  the  plate — and  as  k  had  no  tendency 
to  defcend— ^It  is  probable  that  it  remained  in  its  place ;  and  as  It  was  ice-cold^  it  was  not 
capable  of  melting  the  ice  on  which  it  repofed.  But  as  the  tin  plate  had  a  circular  hole 
m  its  centre,  the  furface  of  the  ice  in  that  part  was  of  courfe  naked  \  and  the  ice-cold 
water  in  conta£l  with  it  being  difplaced  by  the  warmer  and  heavier  water  from  above, 
an  excavation  in  tlic  form  of  a  ihallow  ba&n  was  formed  in  the  ice  by  this  defcending. 
warm  current. 

The  warm  water  contained  in  this  bafin  overflowed  its  banks  as  foon  as  the  bafin  began 
to  be  formed  *,  and  ifTuing  out  on  that  fide  which  happened  to  be  the  loweft^  opened  itfelT 
a  paiTage  under  the  tin  plate  to  the  edge  of  the  ice,  over  which  it  was  precipitated,  and  fell 
down  to  the  bottom  of  the  jar.  The  water  of  this  rivulet  being  warm,  it  foon  formed  for 
kfeif  a  deep  channel  in  the  ice  v  and  at  the  end  of  the  experiment  it  was  found  to  be  cvery^- 
where  deeper  than  the  bottom  of  the  bafin  where  it  took  its  rife. 

This  manner  of  accounting  for  tlte  appearances  in  quedion  feemed  to  the  Count  to  be- 
quite  fatisfadiory  \  and  the  more  he  meditated  on  the  fubje£l>  the  more  he  was  confirmed 
ki  his  fufpiclons  that  all  liquids  muft  neceflarily  be  perfect  non-condu£lors  of  heat. 

On  thefe  principles  lie  was  now  enabled  to  account  for  the  melting  of  the  ice  at  the 

*  bottom  of  the  hot  water,  as  alfo  for  the  flownefs  with  which  that  procefs  went  on^  and 

encouraged  by  thb  fuccefs  he  proceeded  with  confidence  to  plan  and   to  execute  ftiU' 

xnore  decifive  experiments ;  from  the  refults  of  which  he  confiders  the  important  fa£ts  ia> 

queftion  to  have  been  put  beyond  all  pofFibility  of  doubt.. 

If  water  be  in  iz£k  a  perfe£b  non-condu£lor  of  heat,  that  is  to  iay,  if  there  be  no  commu-^ 
aication  whatevei  of  heat  betweea  neighbouring  particles  or  molecules  of  that  fluid  (which 
is  what  he  fuppofes)  \  then,  as  heat  cannot  be  propagated  in  it,  but  only  in  confequence  of 
the  motions  occafioned  in  the  fluid  by  the  changes  in  the  fpecific  gravity  of  thofe  particles 
which  are  occafioned  by  the  changes  of  their  temperature,  it  follows  that  heat  cannot  be 
propagated  downwards  in  watery  as  long  as  that  fluid  continues  to  be  condenied  with  cdd;^ 
and  that  it  is  only  in  that  direflion  (downwards)  that  it  can  be  propagated  after  the  watev 
has  arrived  at  that  temperature  where  it  begins  to  be  expanded  by  cold^  which  has  been 
found  to  be  at  about  the  40th  degree  of  Fahrenlieit'3  fcale^ 

.    Reafoning  on  thefe  principles,  he  was. led  to  this  remarkable  conclufion :  hamely,  that 
water  luhich  is  only  etght  degrees  above  the  freezing  pointy  or  at  the  temperature  of  /^o  degrees^  mufl 
ti  mhle  to  melt  as  much  ice:  in  any  given  time,  whenjianding  on  its  furface^  as  an  equal  volume  of 
water  at  any  higher  temperature^  even  though  it  were  boiling-hot. 

The  experiments  by  which  this  unexpeded  refult  was  confirmed  and  eftablilbed.  muft  bc 
A:ferred  to  the  concluding  part  of  this  abflcaA* 
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Experiments  and  Obfervatlons  made  with  the  View  of  afcertaining  the  Nature  of  the  Gnz  pro^ 
duced  by  pajftng  Ele&ric  Difcharges  through  Water ,-  with  a  Defcription  of  the  Apparatus  for 
thefe  Experiments.     By  George  Peaeson,  M,  D.  F.  R.  S. 

[Concluded  firom  pagn?  148.} 

T  *      .   . 

X  HE  fire  of  the  ckftric  difchargei  in  a  rery  condenfed  flatc,  pafles  with  inconceivable 
velocity  through  the  whole  length  of  the  upper  wire,  in  the  cafe  of  the  interrupted  exploGon^ 
p.  243 — 247,  and  of  the  (ingle  wire  in  the  cafe  of  the  complete  explofion^  p  247,  248  j  fo  th|it 
it  neither  exerts  its  energy  oh  the  wire,  nor  on>the  water,  tiU  it  arrives  at  the  extremity  of  the 
wire.  There  it  is^momentarily  interrupted  and  accumulated ;  and,  in  the  moment  before 
its  diffuGon  through  the  water,  it  is  fo  denfe  and  in  fuch  quantity  as  to  manifeft  itfelf  by  a 
fpark  at,  or  nearly  in  contact  with,  the  extremity  of  the  wire.  In  the  moment  of  its  dif-- 
fufion,  a  fmall  part  of  this  condenfed  fire  interpofes  betwixt  the  conftituent  elements  of 
the  ultimate  and  invifible  particles  of  water,  that  is,  betwixt  the  hydrogen  and  oxygen,  of 
which  water  is  compounded,  fo  as  to  place  them  beyond  the  fpherc  of  their  chemical  at- 
traction for  one  another ;  and  each  ultimate  particle  of  hydrogen  and  of  oxygen  uniting 
with  a  determinate  quantity  of  fire,  new  compound  ultimate  particles,  confiding  of  hydro* 
gen  and  caloric,  and  of  oxygen  and  caloric,  that  is,  hydrogen  gaz  and  oxygen  gaz,  are  com* 
pounded.  This  mode,  of  aftion  of  ele£lric  fire  on  water  is  confirmed  by  the  efftSt  of 
electric  fire  and  common  fire,  of  a  due  degree  of  denGty>  on  oxide  of  quickfilver,  which  is 
by  them  refolved  into  oxygen  «gaz,  and  quickfilver  in  the  vapour  (late.  All  calculation 
muft  needs  be  ei^tremely  vague ;  yet,  perhaps,  fome  elucidation  will  be  obtained  by  con- 
fidering  that  as  it  probaUy  requires  76  or  80  thoufand  difcharges  to  produce  a  cubic  inch 
of  gaz  from  the  fuppofed  decompounded  water,  the  gaz  produced  by  each  difcharge  cannot 
amount  to  one  2oo,ooodth  of  a  grain  weight.  The  quantity  of  condenfed  fire  at  the  ex- 
tremity of  the  wire  muft  be  immenfely  great,  comparatively  with  the  quantity  of  it  which 
enters  into  the  compofition  of  the  gazes  from  decompounded  water ;  otherwife  it  is  not 
cafy  to  conceive  how  even  the  minuteft  particle  of  water  could  be  decompounded,  the 
ele£lric  fire  being  in  contaA  with  a  large  body  of  water^  and  palling  through  it  with  a  ve- 
locity which  is  incalculable. 

The  reafon  of  the  metal  wire  not  uniting  to  the  oxygen  of  the  decompounded  water,  as 
in  the  experiment  of  palCng  water  through  red-hot  iron  tubes,  might  be  afligned  from  the 
intenfity  of  the  fire  o^y ;  but  it  is  alfo  on  account  of  the  rapid  motion  of  the  difcharge,  as 
well  as,  partly,  from  the  great  quantity  of  light.  In  a  very  low  temperature,  light  decom- 
pounds oxide  of  filver,  and  of  feveral  other  metals ;  alfo  oxy-muriatlc  acid,  nitric  acid,  3ec« 
Hence  light  both  decompounds  bodies,  and  prevents  oxygen  from  coming  within  the  fphere 
of  chemical  attra£tion  of  the  metal. 

It  is  fuppofed  that  but  a  very  minute^proportion  indeed,  of  the  electric  difcharge,  is 
confumed  at  the  en<f  of  the  wire  in  the  compofition  of  gazes,  during  a  momentary  inter- 
ruption, as  above  faid  j  for  it  diffiifes  itfelf  through  the  water,  between  the  wires,  yielding 
a  volume  of  vivid  light,  tUl  it  arrives  at  the  extremity  of  the  under  wire  or  point  of  the 

6  convexity 
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convexity  of  the  metal  cup,  where  it  is  again  condenfed  by  the  fuperior  conducing  pqwct 
of  the  metal  to  that  of  water,  and  where,  if  it  be  in  due  quantity,  and  of  fafficicnt  denfity, 
it  manifcfts  itfelf  by  a  fp.ark,  and  infallibly  again  decompounds  water :  hence  bubbles  arc 
fecn  to  rife  from  the  end  of  the  lower  wire,  and  from  the  metal  cup,  as  well  as  from  the 
point  of  the  upper  wire. 

From  thefe  interpretations  it  will  riot  be  difBcult'to  explain  the  reafon  of  a  fparlc  lappcar- 
ing  in  feme  cafes  at  the  points  of  botK  the  upper  ajid  under  wire  5  why  in  other  cafes  it 
appears  at  the  point  of  the  upper  wire  only  5  why  in  others  it  appears  It  the  point  of  thtfi* 
lower  wire  only ;  namely,  according  to  the  deniity  of  the  fire  of  the  difcharge  there  ac- 
cumulated. 

X^oncerning  the  v  agency  of  ele£lri<?al  fire  in  caufing  the  hydrogen  and  oxygen  gaz  of  the 
fuppofcd  decompounded  water  to  undergo  combuftion  and  produce  water,  it  is  well 
known  that  the  fmalled  vifible  fpark,  or  particle  of  flame,  or  iire,  can  kindle  as  rapidly  a 
very  large  quantity  of  hydrogen  s^nd  oxygen  gaz,  as  the  greatcft  quantity  of  flame,  fparks, 
or  fire,  can  kindle  the  fmalleft  quantity  of  thefe  two  gazes  ;  while,  on  the  other  hand,  the 
largeft  mafs  of  matter,  heated  moft  intenfely,  but  (hort  of  ignition,  cannot  produce  coin- 
budion  of  oxygen  and  hydrogen  gaz.- 

Although,  as  hath  been  above  explained,  caloric  and  light,  in  a  fufliciently  denfc  Hate, 
may  dejcompound  every  compound  fubftance  in  nature ;  it  is  alfo  well  afcertained,  that 
caloric,  in  certain  dates,  uiiiverfally  pvobiotes  chemical  combinations.  The  mode  of  agency, 
in  this  latter  cafe,  I  apprehend  to  be  in  a  difiirent  way  from  that  commonly  accepted ;  for 
I  think  it  is  unnecefliiry  tcf  fuppofe  that  it  operates  by  increafing  the  power  of  chemical  at- 
traftion,  and  I  conceive  its  agency  to  be  merely  diminifliing  or  dedroying  the  powers  whicTi 
counteraft  chemical  union  ;.  efpecially  diminiihing  coheGve  attraction,  and  exciting  motion 
among  the  particles  of  the  different  fubdanccs :  hence  thefe  fubdances  are  applied  to  ono 
another,  within  their  fpheres  of  chemical  attra£lion ;  or  the  chemical  attra<^ion  ads  be* 
tween  a  greater  number  of  points  of  the  different  bodies,  as  when  galoric  renders  folids  and 
incladic  fluids  into  the  eladic  fluid  date. 

Accordingly,  when  an  ele£lric  i*park,  or  the  fmalled  partide  of  lame,  or  of  an  ignited 
fubdance,  is  applied  to  the  gaz  produced  in  the  above  procefs,  or  to  the  mixture  of  hydro* 
gen  and  oxygen  gaz,  the  ultimate  particles  of  thefe  gazes  neared  to  the  flame  are  driy«n 
from  it  in  all  direftions,  sts  from  a  centre,  by  the  interpofition  of  fire,  or  of  caloric  andligiit} 
fo  that  they  are  brought  within  the  Iphcre  of  their  chemical  attra£Uon  for  the?  ultimate 
iparticles  of  the  gazes  at  a  cei^tain  didance  from  the  centre  of  application  of  fire  5  which 
therefore  unite,  and  the  caloric  and  light,  difengaged  by  that  union,  aft  in  a  finulaF  maoncv 
in  producing  union  among  the  next  fet  in  order  of  proximity,  of  the  ultimate  particles  of 
the  gazes  j  the  difengaged  caloric  and  light  of  which  aft'in  producing  union  of  the  next 
fet  of tiltimate  particles  in  order;  and  fo  on  fuccefHvely,  but  with  incalculable  velocity,  the 
Ijreated  bulk  of  ultimate  particles  of  the  two^gazes  unite  with  one  another;  the  known 
prcdufts  of  which  union  are  fire  and  water  ;  or  light,  caloric,  and  water.  According  te 
tliis  hypothefis,  if  caforic  or  fire,  or  merely  caloric  of  fufHcient  intenfity  and  quantity,  be 
Gppliedto  a  given  bulk  of  hydrogen  and  oxygen  gac,  no  combudion  fliould  be  produced  ; 
as  the  caloric  will  be  interpofed  in  fuch  quantity  that  all  the  ultimate  particles  n^uit  be  at 
the  fame  indant  driven  from  one  anotlier  in  all  di reft ioiiSj  fo  that   they  are  beyond- thei* 
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fyherei  af  chemical  attradion  for  one  another:,  and  inyarioue  inftahces  common  experience 
verifies  this  hypothefis. 

if  light  be  cohfidered  as  a  dtiFerent  fpecies  of  fubftarice  frdm  caloric,  then  the  theory  of 
its  agency^  lately  publiihed  by  Dr.  Parr,  M.  D.  may  be  applied  very  happily  to  explain  th^ 
explofton  from  the  combuftion  of  oxygen  with  hydrogen  gaz.  From  a  very  large  indudion 
of  fads,  Dr.  Parr  infers  that,  although  light  and  caloric  fubfift  together  very  commonly  in 
the  fame  compound  fubftancc>  they  Gmultaneoufly  repel  each  other  on  the  decompofition 
of  the  fubftahces  v^ith-which  they  were  united  j  and  from  this  repulfion,  and  alfo  the  re- 
pulfion  of  oxygen  and  light  of  one  ajioth^r,  he  chiefly  accounts  for  the  combuftion  of  oxy- 
gen gaz. 

On  my  principles  above  ftated,  we  can  explain  why  quickfilver  of  the  temperature  of 
1000%  or  more,  of  Fahrenheit's  fcale,  cannot  unite  to  the  oxygen  of  oxygen  gaz ;  but 
why  at  this  temperature  caloric  feparates  oxygen  in  the  gaz  (late  from  oxide  of  quickfilver : 
and  why  at  the  temperature  of  between  600  and  1000^  quickfilver  does  unite  to  the  oxy- 
gen of  oxygen  gaz  ;  but  at  which  temperature  oxygen  gaz  is  not  feparable  from  the  oxide 
of  this  metal :  and  again,  why  at  below  600^  oxygen  of  oxygen  gaz  can  neither  unite  to 
quickfilver,  nor  be  feparated  from  its  oxid^, 

Thefe  principles  may  be  applied  varioufly  to  the  interpretation  of  the  phenomena  of  xom- 
buftion,  and  other  cafes  of  chemical  combination ,  according  to  the  ftate  of  aggregation  of 
ihe  fubftances  which  have  a  chemical  attraction  for  onef  another.  For  example  \  the  oxygen 
of  oxygen  gaz  cannot  unite  fo  ^he  conft;ituent  fubftances  of  a  wax  or  tallow  candle,  in  a 
low  temperature  \  becaufe  the  cohefive  attta£lion  of  the  wax  or  tallow,  as  well  as  the  che« 
mical  attraction  between  their  conftituent  fubftances — ^hydrogen  and  carbon — counteraQ;  the 
chemical  attraftion  between  the  oxygen  of  oxygen  gaz,  and  the  ultimate  particles  of  hydro- 
gen and  carbon  of  the  candle.  But  at  a  pretty  elevated  temperature,  when  the  wax  and 
tallow  are  in  the  vapour  ftate,  the  cohefive  attra£lion  no  longer  fubfifting  among  the  ulti- 
mate particles  of  thefe  fubftances^  and  the^  motion  excited  by  the  ignited  portion  of  wax  or 
tallow  brining  the  ultimate  particles  of  thefe  fubftances  within  the  fphere  of  chemical  -at- 
traftion  of  the  particles  of  oxygen  gaz,  thefe  latter  unite  firft  to  the  carbon,  by  virtue  of  the 
ftrongcr  attra£):ion  between  the  oxygen  and  carbon,  than  that  between  the  oxygen  and  hy- 
drogen ;  but,  in  the  inftant  of  this  difengagemcnt  of  the  carbon  from  the  •  hydrogen,  a  por- 
iion  of  this  hydrogen  unites  alfo  to  oxygen,  and  thus  not  only  carbonic  acid  gaz  but 
water  is  produced :  hence  the  blue  jlnmey  as  appears  on  other  cccafions,  in  which  there 
is  combuftion  of  hydro-carbonate  gaz.  The  remainder  of  the  hydrogen  of  the 
decompounded  wax  or  tallow,  afcending  in  the  gass  ftate,  it  unites  to  the  oxygen  of 
oxygen  gaz  j  and,  as  in  other  cafes  of  combuOJon  of  oxygen  gaz  with  hydrogen,  a  i\ih'tte  or 
firaiw -  coloured finme  is  produced.  The  wick  anfwers  the  purpofe,  by  iheans  of  capillary  at- 
traflion,  of  applying  tlie  wax  and  tallow  in  fuch  quantities  as  can  be  decompounded  and  ^ 
combine  with  the  oxygen  of  atmofplterical  air  ;  hence  the  combu(lion  is  gradual  and  equal. 
The  wick  itfelf  contains  hydrogen  and  carbon;  hence,  in  combining  with  oxygen  of  oxygen 
gaz,  it  alfo  produces  a  blue  flame.  Hydro-carbonate  gaz  being  fpecifically  heavier  than  hy- 
drogen gaz,  is  another  reafon  for  the  blue  flame  appearing  diftinft  from  the  white,  and  at 
the  inferior  part  oi  the  fruflum ^oi  a  cone  of  flame  from  a  burning  candle.  It  is  fcarcel]^ 
oeceflTary  to  fay  that  hydrogen  and  carbon  are  (fonftituent  fubftances  of  wax  and  talloW  \ 

and 
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mnd  that  when  they  combine  with  oxygen,  as  above  expUined>  the  produds  are  water  and 
hydro -carbonate  gaz. 

If  I  did  not  ufe  the  term  demonftrdtion  in  a  more  ftrift  and  precife  fenfe  than  is  ufual, 
except  in  mathematics,  I  would  venture  to  affirm  that  this  theory  is  almoft  demonftrated 
by  the  agency  of  fire  and  carbon  on  black  oxide  of  manganefe.  If  colourlefs  vitrifiable 
matter,  and  that  oxide  be  melted  together,  by  means  of  ihz.mfhite  part  of  the  flame  of  a 
candle,  purple-coloured  glafs  will  be  produced ;  for  then  the  hydrogen  of  this  part  of  the 
flame  carries  off  little  or  none  of  the  oxygen  from  the  oxide:  but  if .  thefe  fubftances  be 
melted  together  by  the  blue  part  of  the  flame,  colourlefs  glafs  will  be  produced ;  for  then 
the  carbon  of  this  part  of  the  flame  carries  off  oxygen  from  the  black  oxide,  and  produces 
white  oxide.  By  combining  oxygen  anew  with  colourlefs  glafs,  containing  manganefe,  it 
will  become  purple ;  and  this  is  efle£ted  by  melting  fuch  colourlefs  glafs  with  a  little  nitrate 
of  pot*a(h,  or  by  melting  it  in  open  vcllcls  by  the  yellow  flame  of  a  candle.  By  feparat- 
ing  oxygen  from  glafs  rendered  purple  by  manganefe,  colourlefs  glafs  is  produced ;  and 
this  is  effe£led  by  melting  fuch  coloured  glafs  with  a  little  carbon,  or  by  the  blu«  flame 
of  a  candle.  I  have  not  thought  it  neceffary  to  diftlnguifli  between  the  indigo  and  violet 
rays ;  or  to  notice  the  extremely  thin  film  of  violet  flame,  which  an  attentive  obferver  may 
perceive  furrounding  the  inferior  part  of  the  white*  extending  as  liigh  but  fcarcely  higher 
than  the  wick  j  becanfe  the  explanation  is  perfeftly  obvious  from  the  preceding  diftinfti^n 
of  the  two  kinds  of  gazes  afforded  by  the  candle.  If  I  have  explained  more  facisfa£lorily 
than  former  members  of  this  fociety  the  above  phenomena  of  combuftion,  I  owe  this  ad- 
vantage to  fome  experiments  of  combuRion  of  inflammable  gazes  which  I  have  made  for 
fome  years  pail,  in  my  chemical  lectures  ;  by  which  the  colours  are  (hewn  to  be  very  dif- 
ferent, and  correfpond  to  the  above  theory.  I  apprehend  the  theory  of  an  ingenious 
member  of  this  fociety  cannot  explain  adequately  the  phenomena,  and  does  not  appear  fup<* 
ported  by  any  fa£ls  :  for  there  is  no  evidence  that  the  white  flame  is  not  equally  the  efie£l 
of  immediate  decompoGtion  as  well  as  the  blue ;  or  that  the  blue  becomes  white  flame  by 
ignition ;  and  I  prefume  that  the  experiments  which  I  have  mentioned  (hew  that  thefe  dif* 
ferences  depend  upon  different  decompounding  fubftances  contained  in  the  candle. 

With  regard  to  the  evidence  afforded  by  the  foregoing  experiments  concerning  the  com* 
•  pofition  of  water  and  of  hydrogen  and  oxygen  gaz.  Thefe  fubftances  are  now  accounted 
for  in  two  ways  only;  namely,  i.  By  faying  that  thefe  two  gazes  confift  of  water  and  im* 
ponderable  matter  \  and  that  during  combuftion  the  water  is  precipitated,  a.  By  faying 
that  the  two  gazes  confift  of  a  peculiar  bafis,  one  of  which  is  named  oxygen  and  the  other 
is  hydrogen,  each  of  which  is  rendered  into  the  gaz  ftate  by  uniting  to  caloric,  and  perhaps 
alfo  to  light ;  and  that  during  combuftion  thefe  bafes  unite  with  one  another,  thus  com- 
pounding water  and  difcharging  caloric  and  light.  If  complete  demonftration  could  be 
given,  there  would  not  be  two  opinions ;  for  its  proofs,  if  underftood,  command  univerfal 
aflent:  but  the  cafe  being  otherwife,  that  opinion  muft  be  adopted  on  the  (ide  of  which  the 
evidence  preponderates  according  to  the  laws  of  reafoning  in  phyflcal  fcience.  Now  with 
regard  to  the  former  of  thefe  opinions,  I  can  perceive  but  two  fadls  in  fupport  of  it.  The 
lirft  of  thefe  is  fuppofed  to  afford  a  fort  of  fynthetical  proof:  it  is  the  inftance  of  water 
being  required  to  obtain,  by  fire,  the  whole  of  the  carbonic  acid  from  carbonate  of  baryt* 
Here  the  faA,  if  admitted,  is  true  only  of  carbonic  acid  \  but  even  in  this  cafe  it  has  not 
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been  fliewn  that  the  water  enters  into  the  compofition  of  carbonic  acid ;  and  until  that  is 
proved,  it  is  warrantable  to  fuppofe  that  the  water  ferves  to  difengage  the  carbonic  acid,  by 
attrafling  and  uniting  with  the  baryt ;  efpecially  as  this  acid  gaz  may  be  wholly  feparated 
from  other  fubftances  without  the  intermediation  of  water,  and  as  it  can  be  compounded 
by  uniting  the  dried  carbon  to  the  dried  oxygen  gaz*  Further,  although  carbonic  acid 
gaz  be  very  apt  to  contain  water,  it  may  be  obtained  in  fo  dry  a  (late  as  not  to  indicate 
moiflure  to  the  mofl:  delicate  teRs. 

The  next  fa£i:  aSbrds  a  fort  of  analytical  proof;  which  is  the  exiftence  of  water  in  air 
^ox  gaz  in  general,  as  fliewn  by  muriate  of  lime,  acetitc  of  pot-afii,  fulphuric  acid,  quicklime, 
pot-afli,  &c.  But  the  abforption  of  water  by  thefe  fubftances  only  (liews  that  it  may  be 
fufpended  or  diiTolved  in  gazes ;  but  not  that  it  enters  into  their  compofition.  Gaz  may 
be  obtained  or  rendered  quite  free  from  water,  as  juft  faid  \  and  as  the  compounds  by  the 
combination  of  the  gazes  with  various  different  fubftances  are  quite  different  from  the  com* 
pounds  by  the  combination  of  water  with  the  fame  various  different  fubftances,  there  does 
not  appear  to  be  in  this  cafe  any  admiffible  evidence  of  water  being  an  eflential  conftituent 
fubftance  in  the  compofition  of  gazes. 

The  experiments  of  feparating  oxygen  and  nitrogen  gaz  from  water  by  boiling,  and  by 
expofing  it  in  vacuo  and  applying  caloric,  only  (hew  how  much  more  tenacioufly,  and  in 
how  much  greater  quantity,  thefe  gazes  are  contained  in  water  than  is  commonly  fuppofed^ 
for  however  long  a  given  quantity  of  water  yielded  gaz,  fo  that  there  feemed  no  limit  to  the 
quantity,  the  water  which  afforded  it  was  ftill  very  confiderably  greater  than  the  weight  or 
quantity  of  gaz. 

With  refpe£);  to  the  other  opinion,  that  hydrogen  and  oxygen  gaz  are  compounded  of  z 
peculiar  bafis  and  caloric,  and  that  water  is  compounded  of  thefe  t^o  bafes — i.  It  has  been 
(hewn  by  an  experiment,  the  accuracy  of  which  is  not  queftionable,  that  when  thefe  two 
gazes  produce  water  by  combuftion,  the  amount  of  the  weight  of  the  water  is  exa£Uy  the 
weight  of  the  gazes  confumed,  and  that  no  ponderable  matter  but  water  is  produced  when 
nothing  but  the  bafes  of  thefe  two  gazes  unite  \  but  that  when  other  fubftances,  fuch  as 
nitrous  acid  and  carbonic  acid,  were  produced,  as  well  as  water,  then  nitrogen  and  carbon 
were  prefent.     2.  It  has  been  (hewn,  that  when  oxygen  in  a  concrete  ftate,  as  in  metallic 
oxides,  unites  to  the  hydrogen  of  hydrogen  gaz,  the  water  thus  compounded  is  equal  in 
weight  to  that  of  the  hydrogen  gaz  confumed,  and  the  deficient  weight  of  the  oxide.    3.  It 
appears  that  when  hydrogen  in  a  concrete  ftate,  as  in  alcohol,  is  united  to  the  oxygen  of 
oxygen  gaz,  the  water  compounded  is  equal  in  weight  to  the  weight  of  the  alcohol  and 
oxygen  gaz  confumed,  provided  the  addition  be  made  of  the  carbonic  acid  alfo  produced 
by  the  carbon  of  the  alcohol.    The  carbon  of  alcohol  can  be  (hewn  by  analyfis  \  and  \X,9 
exiftence  in  carbonic  acid  can  be  (hewn  both  by  analyfis  and  fynthefis.    4.  Wheti  water  i^ 
applied  to  certain  fubftances,  nothing  but  hydrogen  gaz  is  obtained,  and  new  compounds^ 
the  conftituent  parts  of  which  are  oxygen  and  the  fdbftance  applied  \  for   thefe  new  com^ 
pounds  have  the  fame  properties  as.  the  compounds  of  the  fame  fubftances  fo  applied  to 
water,  and  of  the  oxygen  of  oxygen  gaz.     And  in  thefe  cafes  the  additional  weight  derived 
from  the  water,  together  with  the  weight  of  the  hydrogen  gaz  feparated  from  the  water,  is 
equal  to  the  water  de(faroyed.     5.  It  has  been  rendered  at  leaft  very  probable,  that  whea  , 
oxygen  and  hydrogen  are   rendered    into   the  gaz  ftate^  they  abforb  or  unite  with  \ 
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large  quantity  of  caloric,  or  of  both  caloric  and  light.  I  might  add,  that  befidcs  the  pofi- 
tive  evidence  juft  dated,  there  does  not  appear  to  be  any  evidence  to  contravene  the  con* 
clufion  that  water  is  compounded  of  hydrogen  and  oxygen ;  and  that  thefe  gazes  are  com- 
pounded of  a  peculiar  bafis,  called  hydrogen  and  oxygen,  united  to  caloric:  for  it  would 
be  eafy  to  (hew,  but  it  would  be  digreffing  too  far,  that  the  remaining  partizans  of  the 
phlogiflic  k(k  have  advanced  erroneous  evidence  in  fome  cafes,  and  in  others  have  negle£led 
the  confideration  of  oppofing  but  well  authenticated  evidence. 

In  the  experiments  contained  in  this  paper  no  fupport  can  be  found  for  the  former 
Opinion  concerning  water,  and  hydrogen  and  oxygen  gaz  5  but  they  confirm  the  latter 
opinion.  For,  i.the  combuftion  of  thefe  gazes,  rendered  perfeftly  dry,  afforded  water, 
p.  303,  Exp.  IV.  2.  The  evidence  from  the  procefs  above  defcrib^d  is  peculiar;  for  no 
cne  other  procefs  affords  oxygen  and  hydrogen  gaz  from  water.  In  all  other  proceffes  for 
decompounding  water,  either  the  decompounding  concrete  fubftance  receives  fomething 
from  the  water  applied,  and  at  the  fame  time  hydrogen  gaz  is  produced ;  as  in  the  inftance 
of  paQing  water  through  a  red-hot  iron  tube  :  or  the  decompounding  concrete  fubftance 
receives  fomething  from  the  water;  and  this  compound  unites  to  that  in  water,  which  pro-i 
duces  hydrogen  gaz  with  caloric ;  as  in  the  inftance  of  applying  water  to  red-hot  carbon  : 
or  two  decompounding  fubftances  being  applied,  each  of  them  receives  a  different  thin^ 
from  the  water,  namely,  hydrogen  and  oxygen.  Hence,  by  the  procefs  above  defcribed,  the 
obje£lion  is  removed,  that  the  hydrogen  gaz  might  be  feparated  from  the  decompounding 
fubftance  itfelf,  by  water  talcing  its  place.  3.  The  produftion  of  hydrogen  and  oxygen  gaz, 
and  the  produftion  of  water  by  the  combuftion  of  them,  in  the  above  procefs,  afibrd  an 
additional  evidence  of  the  decpmpofition  and  compoGtion  of  water,  and  of  hydrogen  and 
oxygen  gaz ;  as  the  mode  of  their  proddftion  by  this  procefs  is  perfeftly  confiftent  with 
the  rationale  of  their  production  in  all  other  cafes. 

Thus  it  appears  that  the  grandeft  difcovery  ever  made  in  chemical  philofophy,  by  an 
illuftrious  member  of  this  Society,  in  178  J,  has  been  confirmed' by  a  number  of  fubfequent 
experiments.  The  body  of  evidence  is  indeed  fo  numerous,  and  of  fuch  a  nature,  that,  in 
the  minds  of  thofe  who  underftand  its  import,  and  who  rely  on  the  accuracy  of  the  weights 
and  meafures  employed,  it  produces  as  much  conviction  concerning  the  compofition  of 
water  as  can  be  obtained  by  the  evidence  of  almoft  any  other  cafe  of  compofition.  I  nraft^i 
however,  beg  leave  to  proteft  againft  thofe  able  philofophers,  who  have  maintained,  that  die 
compofition  of  water,  and  fcveral  gazes,  has  received  full  and  complete  demon ftration;  by 
fuch  unwarrantable  pretenfions  their  adverfarics  have  obtained  over  them  fome  advantages. 
For  in  the  chain  of  caufes  and  effefts  there  are  fome  links  which  cannot  be  explained  by 
the  direft  evidence  of  fenfe  ;  and  there,  in  fo  far  as  we  admit  hypothefes,  although  con- 
fiftent  with  the  phenomena,  wc  may  be  faid  to  quit  day-light,  notwiihftanding  we  at  th^ 
next  ftep  emerge  into  light  derived  from  the  perceptions  of  fenfe.  For  inftance,  if  I  com- 
bine a  certain  known  weight  of  hydrogen  and  oxygen  by  combuftion  of  their  gazes,  and 
produce  water  equal  in  weight  to  that  of  thefe  gazes ;  and  if  I  again  refoive  this  water,  by 
means  of  the  eleftric  fire,  or  red-hot  iron,  into  the  original  quantity  of  hydrogen  gaz  and 
oxygen,  I  cannot  give  the  full  and  complete  demonftration  of  the  compofition  of  water 
^nd  thefe  gazes  :  for,  as  I  proceed  in  the  interpretation,  I  at  length  come  to  demonftratc 
^  mode  of  agency  of  the  particles  of  the  hydrogen  and  oxygen   gaz  on  one  another 

when 


Compf/hkn  of  Wmter.^^Eh^rophore^  355 

wBen  tlief  produce  water,  caloric,  and 'light.  But  here  I  mud  call  in  the  aid  of  the  ima- 
gination :  accordingly  I  imagine  that  the  gazes  conGft  of  hydrogen  and  oxygen,  which  are 
ponderable—united  to  caloric,  and  perhaps  light,  which  are  imponderable ;  that  thefc  pon« 
derable  particles  unite  with  one  another,  and  their  caloric  and  light  are  fet  at  liberty. 
Now  here  I  have  not  any  evidence  of  fenfe ;  for  I  cannot  perceive,  by  the  fenfes,  the  exift- 
ence  of  the  compofition  of  the  gazes  juft  ftated,  nor  of  their  decompofition,  and  union  of 
thdr  ponderable  parts*  This  being  the  cafe,  other  kinds  of  imponderable  matter  may 
unite,  or  efcape,  bcGdes  caloric  and  light ;  confequently  I  cannot  give  the  full  and  com- 
plete demonftration  in  thefe  inftances.  But  the  fame  objefkions  may  be  made  to  the  pre« 
tenfions  to  demonftrate  fully  and  completely  the  compofition  of  fulphate  of  foda,  fulphate 
ofpot-afh,  or  any  double  fait,  perhaps,  whatever;  for  caloric  is  feparated,  and  poilibly 
other  imponderable  matter,  when  thefe  fubftances  are  compounded ;  and  caloric,  and 
perhaps  other  matter,  may  unite  when  the  fulphuric  acid  and  alkali  are  difunited. 

Hence  chemiftry,  in  its  prefent  ftate,  ought  not  to  pretend  to  vie  with  mathematical  phi* 
lofophy  In  its  demonftrations.  But  it  does  not  appear  improbable,  that  the  fame  certainty 
as  in  mathematics  may  hereafter  be  attained  in  chemiftry.  We  are  encouraged  to  enter* 
tain  this  hope,  from  finding  that  the  art  of  obfervation,  and  the  invention  of  artifices  for 
rendering  the  properties  of  matter  evident  to  the  fenfes,  have  been  proportionate  to  the 
advances  of  knowledge  of  fads  \  as  was  predifted  by  Chancellor  Bacon. 
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Obfervations  on  the  EUBrophore^  tending  to  explain  the  Means  by  ^hith  the  Torfedo  affd  other 

Fijb  communicate  the  Ele5fric  Shock. 

X  HOSE  who*^  are  converfant  with  eleftrical  experiments  know  that  the  eleArophore 
confifts  of  a  flat  metallic  plate  with  an  infulating  handle,  and  another  feparate  plate  of 
sion-condu£iing  matter,  either  varniihed  glafs,  or  fome  refinous  fubftance,  coated  with 
metal  beneath,  and  placed  with  its  uncoatcd  fide  uppermoft.  When  this  uncoated  face  is 
ekQrified'by  friftion  or  otherwife,  and  the  plate  of  metal  placed  upon  it,  this  laft  is  found 
to  give  a  fmall  fpark  to  the  finger,  which  is  of  the  fame  nature  as  the  eleflricity  of  the 
iion-condu£^ing  furface  \  but  when  the  plate  is  lifted  by  its  infulating  handle,  it  will  emit  a 
fpark  to  the  finger  which  is  much  ftronger,  and  of  the  oppofite  kind  to  that  of  the  non- 
conducing  plate.  This  phenomenon,  which  was  at  firft  confidered  as  very  diflicult  to  be 
explained,  was  afterwards  found  to  be  produced  throughout  by  the  fame  energies,  what- 
ever they  may  be,  which  govern  the  ele£lric  charges.  For,  as  I  have  clfewhere  obferved  % 
the  charge  confifts  of  two  ele£hicities,  ufually  called  plus  and  minus,  which xQmpenfate  each 
Other ;  and  alfo  of  a  portion  of  ele^icity  on  ihe  infulated  fide,  which  in  equal  charges  it 
greater,  the  greater  the  diftance  between  the  two  eledirified  furfacesp  and  in  unequal  mi>- 
derate  charges  is  nearly  in  proportion  to  the  charge  itfelf.  When  the  non-condu£ting  fur- 
face  of  the  ele£irophore  is  rubbed,  it  acquires  both  thefe  ele£lricities,  namely,  the  charge 
by  virtue  of  the  compenlating  power  of  the  uninfulated  coating  beneath,  and  alfo  the  por*  - 
tion  of  fimple  dedxidty  requifite  to  maintain  the  charge.    If  the  metallic  plate  be  then  • 
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placed  upon  it,  and  touched  by  the  finger,  a  portion  of  the  elcftricity  may  really  pafs  to  the 
metal  at  the  few  places  of  a£lual  contad  *,  and  another  part,  if  the  intenfity  be  ftrongt  may 
flrlkc  through  the  thin  plate  of  air  interfperfed  between  the  metal  and  the  reCnous  face* 
What  remains  on  the  refinous  furface  will  lofe  by  far  the  greateft  part  of  its  intenfity^  in 
confequence  of  its  becoming  a  charge  to  that  fmall  plate  of  air,  while  the  metallic  plate» 
poflefling  the  oppofite  part  of  the  charge,  will  have  its  intenfity  equally  low.  During  thefe 
charges,  the  fpark  which  pafTes  from  the  metal  mud  therefore  be  of  the  fame  character  US 
that  of  the  refinous  plate ;  in  the  fame  manner  as  the  outer  coating  of  the  jar  emits  pofitive 
fparks  during  its  tranfition  to  the  negative. (late.  The  commencing  intenfity  of  this  fpark 
cannot  exceed  that  which  belonged  to  the  charge  between  the  refinous  furface  and  the  lower 
coating  :  but  as  the  intenfity  requifite  to  maintain  a  charge  on  the  thin  plate  of  air  is  ex« 
tremely  minute,  by  far  the  greater  part  of  the  ele^ricity  will  be  employed  in  conftituting 
that  charge,  and  the  fpark  given  off  by  the  plate  will  be  much  fliorter  and  more  gradual  than 
if  the  &me  quantity  had  pafTed  at  once  from  the  plate  in  a  (late  of  fimple  ele£lrization  \ 
that  is  to  fay,  the  fpark  will  be  apparently  very  fmall.  But  when  the  plate  is  raifed  up  by 
its  infulating  handle,  part  of  the  charge  on  the  refinous  furface  will  begin  to  acquire  its  former 
(late  with  regard  to  the  lower  coating;  and  that  which  continues  to  be  compenfated  by  the 
upper  moveable  plate,  will  require  a  greater  portion  of  uncompenfated  electricity  to  main* 
tain  it.  The  intenfity  of  the  plate  will  rapidly  increafe  as  it  rifes*  It  will  throw  out 
fparks  and  ramifications  to  the  lower  plate,  and  to  the  furrounding  bodies ;  and  at  a  certain 
didance  the  whole  remaining  portion  of  its  former  charge  may  be  confidercd  as  fimple 
cleflricity,  which  will  (Irike  the  finger  at  a  greater  diftance,  and  with  more  fuddennefs  and 
brilliancy.  This  fpark,  though  in  faft  confiding  of  lefs  eledlricity  than  the  former,  will 
neverthelefs  be  more  perceptible  both  to  the  eye  and  the  ear,  and  confequently  will  be 
thought  larger :  the  fird  is  the  gradual  explofion  of  a  charge ;  the  fecond  confids  of  the 
fudden  efcape  of  a  portion  of  fimple  eledricity. 

If  we  fuppofe  the  non-condufting  matter  of  the  eledrophore  to  be  extremely  thin,  and  the 
fpark  when  in  contaft  to  be  made  to  pafs  from  the  upper  to  the  lower  metallic  plate,  the 
cflfe£l  will  be  nearly  the  fame  as  the  tranfition  of  the  (hock  from  fuch  a  coated  eleftric  with 
a  diarge  of  the  quantity  of  ele£lricity  which  pa(res ;  and  when  the  moveable  plate  is  raifed, 
the  effedl  will  be  fimilar  to  that  of  a  fpark  from  the  prime  conduftor.  Or  rather,  per- 
haps, by  a  comparifon  familiar  to  eleftricians,  the  fird  may  be  confidercd  as  the  fhock 
from  a  large  battery  charged  by  only  one  turn  of  the  handle  of  the  machine,  'and  the  latter 
as  the  ihdck  from  a  fmall  jar  capable  of  being  charged  high  by  the  very  fame  quantity  of 
ele£lric  matter.  It  is  certain  that  the  fliock,  as  well  as  the  fpark  from  the  battery,  would  ixi 
thefe  circumdances  be  inconfiderable,  though  the  efFe£ls  of  the  jar  might  be  very  driking. 

When  the  eledirophore  is  thus  compared  with  the  jar,  its  charge  will  be  found  to  be  won- 
derfully fmall,  as  it  confids  of  no  more  eleClricity  than,  when  uncompenfated,.  would  pais 
oflF  in  the  fimple  fpark  which  was  obtained. 

I  found  that  two  fquarc  inches  of  Mufcovy  talc,  about  one-hundredth  part  of  an  inch 
thick,  which  is  an  exceedingly  good  non-condu6lor,  required,  when  coated  with  tinfoil, 
one  turn  o£L  a  fmall  cylinder  to  difcharg'e  through  one-tenth  of  an  inch ;  and  one  turn  of 
the  fame  cylinder  charged  a  fimple  conduftor  of  about  fix  fquare  feet  furface,  fo  as  to 
give  a  fpark  about  nine  inches  long.     Now  if  we  a(rume  the  quantities  of  eleftricity  in 
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conduflors  to  be  as  die  lengtE  of  the  fpark,  which,  though  a  doubtful  pofnioii  In  great  in- 
tenCties,  may  fervc  the  prefent  occaiion,  and  that  a  talc  eleflrophore  of  tM-o  fquare  inches 
furfacc  oa  each  Gde  have  the  inicniity  to  give  a  fpark  of  onc-tcnth  of  an  inch,  its  whole 
ckdlricity  will  be  exprcfTed  by  4  X  0,1  =  0,4.  But  the  wliole  cleclricity  of  the  conduftor 
which  gave  the  nine  inch  fpark  will  be  exprefled  by  6  X  i^.\  X  9  =  7776-  And  this  num- 
ber doubled,  or  155531  for  a  double  elcftrophore,  alfo  cxprcllcs  fuch  a  charge  of  the  talc  as 
gives  a  fpark  of  eiiplofion  or  difcharge  of  0,1  inch.  The  length  of  the  eiploGvc  fpark,  on 
applying  fuch  a  fimple  eleiflrophore  to  its  plate,  will  therefore  be  fliortcr  than  0,1  in  the 
proportion  of  0,4  to  isss2(  or  1  to  38380  ;  die  fpark  would  therefore  be  tlic  ,000002  of 
an  inch  long.  And  as  Mr.  Cavendifli  has  found  that  clcftnc  ftiocks  nearly  equal  arc  pro- 
duced when  tlie  quantities  of  cleclricity  are  inverfely  as  the  lengths  of  the  fpark  of  dif- 
charge, and  alfo  that  the  quantities  of  electricity  in  charges  are  as  the  furfaccs,  it  will  fol- 
low, that  the  fliock  of  two  fquarc  Inches  of  the  talc  with  a  fpark  of  0,1  inch,  will  be  equal 
to  the  fiiockof  77760  fquare  inches  with  a  fpark  of  0,000002  inches.  This  furface  is  eq&i- 
valcat  to  an  eleiflrophore  of  279  inches  fquarc,  or  meafuring  23  feet  by  the  fide  ;  or 
]y440  of  the  double  ele£lrophores  of  two  Inches  furface. 

To  elucidate  this,  1  condrufled  a  fmall  ele£lrophore  adapted  to  perform  the  experiments 
which  Bcccaria  called  vindicating  eledricity.  It  confiiled  of  two  metallic  plates  with  in- 
fulaiing  handles.  Each  was  a  fquare  whofe  fide  meafured  two  inches,  and  the  face  of  each 
Was  coated  with  the  thin  talc.  When  the  two  uncovered  furfaces  of  the  talc  were  applied 
together,  and  the  whole  charged  as  one  plate,  the  difcharge  gave  a  dcnfe  (hock  of  con- 
fiderable  feventy.  The  fparks,  on  feparation,  were  about  one-eighth  of  an  inch  long,  and 
very  weak.  No  perceptible  fpark  was  exhibited  on  bringing  them  together.  The  opera- 
tion appeared  capable  of  being  repeated  almolt  incefiantly,  as  in  the  eleiflrophore. 

It  may  perhaps  be  fimpler  to  conGder  the  eleiirophore  as  a  compound  jar  or  plate  variable 
in  its  thicknefs.  When  the  plates  of  the  inftrument  juil  defcribcd  are  together,  the  two 
elcftricities  on  the  csntiguous  furface  compenfatc  each  other,  and  the  external  coatings 
may  be  fuppofed  nearly  in  the  natural  ftate.  But  when  they  are  feparated,  the  portion  of 
compenfated  elcdiricity  will  be  kfs,  and  the  intenfities  would  rife  if  it  were  not  for  the  ex- 
ternal coatings,  which  in  a  great  meafure  prevent  it ;  each  plate  becoming  charged  like  a 
fimpic  jar,  and  the  cquUlbrium  being  polhbfe  to  be  rcllored  by  communication  between  the 
external  coalings.  This  fecond  charge,  intenfity,  and  explofion  will  be  greater  the  further 
the  plates  arc  removed.  It  appears,  therefore,  that  in  a  deduflion  of  the  manner  in  which 
ele£lric  fifh  may  communicate  the  (hock,  we  may  fafely  avoid  the  more  complicated  coo- 
fideraiion  of  the  eleflrophore,  and  compare  the  a£lion  immediately  to  that  of  a  Hmplcjar. 
Mr.  Hunter,  in  the  fi3d  volume  of  the  Phiiofophlcal  Ttanfaclions,  page  434,  defcribes 
the  ele£lric  organ  of  the  torpedo  to  confift  of  a  number  of  columns  varyuig  in  their  length 
from  an  inch  and  an  halftoaquarterof  an  inch,  and  their  diameters  about  2-iotbsofatiincli.. 
The  number  of  columns  in  each  organ  of  the  torpedo  he  prefented  to  the  Royal  Society  wag 
about  470  ■,  but  in  a  very  large  torpedo  the  number  of  columns  in  one  organ  was  1 182. 
Tbefc  columns  were  compofcd  of  films  parallel  to  the  bafe  of  eacli,  and  the  diftance  be- 
iween  each  partition  of  the  columns  was  i-ifoih  of  an  inch.  If  we  fuppofe  thefe  lihna 
to  be  charged  widi  clcftricity,  and  to  be  i-jooth  of  an  inch  thick ;  and  a  middling  (ize  tor- 
f  cdo  to  cooUin  jii  both  organs  oa  the  whole  1000  columos  cf  an  ini;li  long,  ^nd  0,03, 
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fquare  inclics  area  at  the  bafe ;  then  rooo  X  150  x  0,03  =  450O  Iqaarc  inches.  Now  I 
found  that  Mufcovy  talc,  of  0,01  inch  thick,  has  twelve  times  the  capacity  of  the  glafft  of  % 
jar  of  421  fquare  inches,  which,  from  former  experience,  I  know  to  be  as  thin  as  fuch  jart 
can  be  without  danger  of  breaking  by  explofion ;  and  the  torpedinal  membrane,  being  left 
than  one-third  the  thicknefs  of  the  talc,  will  have  three  times  the  capacity ;  that  is  to  fay, 
its  capacity  will  be  thirty-fix  times  that  of  flout  glafs  5  or  both  organs  will  be  equiyalent  t^ 
4500  X  36  =  162000  fquare  inches,  or  11 25  fquare  feet. 

My  large  jar,  with  Lane's  eleftroipetcr,  meafuring  a  fpark  about  i-aooth  of  an  inch  long» 
gave  very  fenfible  and  rather  unpleafant  (hocks  acrofs  the  hand,  and  alfo  the  tremulous  fen« 
lation  caufed  as  I  fuppofc  by  the  imperfe£l  condudling  power  of  the  Ikin  with  fo  low  an 
intenfity.  When  the  fpark  was  i-iooth  of  an  inch  long,  the  (hock  was  fttong  enough  to 
convulfe  the  hand,  and  at  lefs  than  i-50th  it  was  painfully  ftrong.  This  laft  was  probably 
ftrongcr  than  the  Ihock  of  the  torpedo.  If  we  therefore  avail  ourfelves  of  Mr.  Cavendifli's 
dedudion,  that,  the  quantity  of  eleftricity  being  increafed  in  proportion  as  the  length  of 
fpark  is  diminiflied,  the  fliock  will  be  rather  greater  than  before,  we  may  compute  the  length 
of  the  fpark  in  the  torpedinal  (hock  of  the  magnitude  laft  mentioned.  For  the  organs  of  " 
the  torpedo,  compared  as  to  their  capacity  with  that  of  the  jar,  will  be  equivalent  to 

=  375  times  as  great,  and  they  will  give  fuch  a  (hock  when  charged  as  to  afford  a  fpark 

4^  ^ 

y^T  ^f  rv  ®f  *°  i^^^  ==    X        inch.    No  wonder,  therefore,  that  the  fbock  wiH  not 

pafs  through  an  interrupted  circuit,  and  that  the  fpark  is  not  exhibited. 

Refpeding  the  manner  of  operation,  there  are  no  fafts  which  (hew  how  this  charge  \% 
a£lually  produced,  maintained,  and  communicated.  Whether  ele£lricity  be  a£hxaUy  col- 
levied,  compofed,  or  decompofed  in  the  organs  of  the  fi(h,  or  whether  it  fimply  exifts  in  thofe 
organs,  as  perhaps  it  may  in  all  bodies,  in  the  ftate  of  what  is  called  compenfation,^  are  quef- 
fions  concerning  which  we  in  fa£t  k^iow  nothing.  It  has  appeared  to  me,  from  the  obfer- 
vation  of  the  high  ele£hic  flate  which  talc  naturally  pofie(res,  and  from  the  innumerable 
fliocks  the  eleftrophore  is  capable  of  giving  by  mere  change  of  arrangement,  that  a  machine 
might  be  conftruAed  alfo  capable  of  giving  numberlefs  (hocks  at  pleafure,  and  of  retaining  its 
power  for  months,  years,  or  to  an  extent  of  time  of  which  the  limits  can  be  determined  only 
by  experiment.  I  will  not  here  deicribe  the  mechanical  combinations  which  have  occurred  to 
me  in  meditating  on  this  fubjefb,  but  fhall  fimply  (hew  that  the  dimenfions  of  the  organs  of 
the  torpedo  are  fuch  as  by  certain  very  poffible  motions,  and  the  allowable  fuppofition  of  con- 
.  duding  and  non-condu&ing  powers,  may  produce  the  eiFe£ls  we  obferve.  How  far  it  may 
be  probable  muft  undoubtedly  be  left  to  future  experimental  refearch. 

In  new  talc,  which  had  never  been  excited  nor  e}eftri(ied,  and  exhibited  no  Cgns  of 
dedhicity  when  applied  to  Bennet's  ekfirometer,  I  found  that  the  laminae  were  naturally 
in  ftrong,  oppofite,  ele£kric  ftates,  counterbalancing  each  other.  When  they  were  torn 
afunder  in  the  dark,  they  gave  fla(hcs  at  leaft  i-ioth  of  an  inch  long  to  each  other.  This  is 
1^75  times  the  intenfity  of  the  torpedinal  ele£bicity,  as  before  deduced.  If,  therefore,  one 
or  more  columns  of  talc,  or  other  thm  ele£lric  plates  i-3ooth  of  an  inch  thick,  and  making 
up  the  furface  of  the  eleftric  organs  of  the  torpedo,  were  fo  conftruded  as  that  the  plates 
might  touch  each  other  by  purs  only,  naturally  in  oppofite  ftates^  and  coated  on  the  out- 
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fide;  if,  moreoveri  thdre  were  one  common  conductor  cammunicating  with  the  upper  plate 
of  every  pair,  and  another  in  the  fame  manner  vith  the  lower;— then  a  feparatlon  of  all  the 
pairs  to  the  diftance  of  only  -n^y^  inch  would  produce  the  torpedinal  intenfity  ;  the  equi- 
librium would  be  reftored  by  the  two  condu6ior^  if  made  to  communicate,  and  whatever 
'^living  creature  was  in  the  circuit  would  receive  a.  (hock :  and  on  reftoring  the  original 
fituation  of  the  apparatus,  a  Ihock  might  alfo  be  given.  The  force  of  thefe  (hocks  would 
differ  according  to  the  quantity  of  the  apparatus  made  ufe  of  at  the  time,  or  the  diftance  tp 
which  the  plates  were  drawn  afunder.  If  different  columns  were  exploded  in  rapid  fuc^ 
ceffion,  the  quick  repetition  of  fmall  (hocks  would  produce  the  tremulous  fenfation. 

If  we  were  to  conje£ture  that  the  torpedo  a£iually  operates  like  a  machine  of  this  kind, 
we  fbould  find  our  fuppo(ition  to  include  the  following  fubordinate  parts:— I.  The  men^ 
branes  may  be  non«condu£lorSt  and  the  fluid  between  them  a  condu£lor.  2.  They  may  a£)t 
ats  ele^ropfaores.  3.  The  white  reticular  matter  between  the  columns  may  couGft  of  con^- 
dudors  feparately  leading  to  the  two  oppofite  furfaces.  6.  Thefe  feparate  condu^ors,  ift 
all  their  fubdivifions,  may  be  well  kept  afunder  by  a  covering  of  non-ele6tric  matter.  If 
this  be  of  the  fame  kind  as  the  membranes,  and  rsrlvo^  ^  ^^  inch  thick»  it  would  be 
fufficient  for  the  purpofe,  becaufe  the  intenfity  of  the  elc&ric  ftate  is  deduced  from  its 
power  of  breaking  through  a  much  more  permeable  ele£hric,  namely,  air,  at  nearly  twice 
that  inti^rtal.  7.  The  e!lkSL%  may  alfo  be  produced  by  the  molipn  of  conducing  plates  io  a 
non-co Adu£ling  fluid. 
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A  LttUrfrom  Mr.  VoN  HUMMJLDT  to  M.  H.  VaK  Mons  on  the  Chemical  Procr/i  ofFitalUfs 
J^ethtr  vfifb  the  Extract  of  a  Letter  from  Citizen  FoUJtCMOT  to  Citixen  YjtN  M0N8  on  the 
fame  Sukjea  ♦. 


I 


HAVE  lately  addrefled  feveral  letters  to  Mefirs.  Dotomieu  and  Foureroy  at  Parisy  and 
perceive  by  thofe  I  have  received  from  the  former  that  mine  have  mifcarried.  Permit  me^ 
Sir,  to  addrefs  myfelf  fo  you.  By  your  means  I  may  perhaps  fucceed  iii  forwarding  to 
Paris  fome  eicplanations  rcfpcfling  fafts  which,  as  I  underftand,  employ  part  of  the  time  of 
the  National  Inftttute.  Be  pleafed  to  Accept  my  aflurances  of  the  great  refpcft  which  yout 
:eeal  and  your  chemical  difcoveries  have  infpired  me  with.  The  natural  phtlofophers  of 
Europe  ought  to  form  a  (ingle  family.  They  are  in  purftwt  of  the  fame  intercfting  ofcjc£b  ; 
and  this  is  a  fufficient  motive  to  prodiice  that  ufeful  degire  of  intimacy  which  is  calculated 
to  promote  their  rcfearches. 

Ton  are  probably  acquainted  wfth  my  Eflays  on  the  VcgctaWe  Philofophy,  fuch  as  mj 
Aphorifmi  ex  itiElrinA  phyftohgta  chhnica  plantamm^  annexed  to  my  Fhra  futierranea  Fri» 

bergenfis^  and  feveral  memoirs  which  I  have  prefented  to  the  National  Inftitute. ^The 

memoir  oa  the  aflion  of  oxygenated  muriatic  acid  upon  the  vegetable  and  animal  (ibr^, 
which  is  printed  in  the  Magazin  EncychphVique  of  RKllin^  Noel,  arid  Warensi  feems  to  havfe 

♦  Annales  de  Chimic,  XXII.  64. 
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hai!  more  fuccefs-  I  am  happy  to  hear  that  MefiVs.  Vauqiielin  and  my  frienci  Dolomic* 
have  begun  to  repeat  my  experiments.  As  the  memoir  which  was  read  to  the  Natioiiid 
loflitutc  related  principally  to  the  germination  of  vegetaliles,  I  have  thought  it  my  duty  to 
announce  to  you  certain  fafls  more  ftriking  rcfpefling  the  animal  fibre.  The  flrongeft 
flimnlus  of  ihe  nervous  fibre  is  chat  of  the  alkalis.  It  appears  that  ihefc  falts  affeft  the  irritable 
and  fcnfible  fyftem  by  means  of  their  azote.  Let  the  thigh  of  a  frog  be  thrown  into  the 
oxygenated  muriatic  acid,  or  the  nilric  acid,  and  it  will  remain  motionlefs.  Let  it  be  put 
into  a  folution  of  pot-alh,  or  of  foda,  and  it  will  undergo  contrafliona  no  lefs  ftrong  than 
when  irritated  by  the  metals.  Thefe  motions  always  commence  at  the  lower  en tremitics. 
The  toes  move  firft,  afterwards  the  tiiufculiit gajrsrnemiut,  and  ihcn  the  tliigh.  ]f  the  nerve 
be  very  fenfible  (for  nothing  more  is  required  than  {imply  to  immcrfe  the  extremity  of  the 
crural  nerve  in  the  oleum  tartari  per  dfliquium),  the  contraflions  will  end  in  an  univerfal 
tenfion  or  rigidity.  The  leg  rife s  up  perpendicularly,  the  membrane  of  the  feet  extendi 
iCfelF,  and  the  tetanus  appears.  In  tliis  fituation  all  the  irritability  of  the  fibre  appears  to 
be  exiinguiflicd;  and  if  an  eleflric  ilroke  be  pafled  through  the  limb,  the  enhauftion  becomes 
real.  It  is  a  (Iriking  phenomenon  to  fee  the  laft  remaining  (igns  of  tetanus  difappcar  in 
an  inllant.  But  there  is  another  method  by  which  the  tenfion  difappears,  and  by  which  1 
am  able  to  reftore  the  irritability  to  the  organs.  It  fcems  that  the  acidifiable  bafes  of  the 
ftlkali,  principally  the  azote,  have  confumed  all  the  oiygene  contained  in  the  fibre.  The 
chemical  procefs  of  vitality  ceafes.  If  I  pour  an  acid,  for  example  the  nitric  acid,  upon 
the  nerv'e,  an  cffcrvefcence  will  take  place  j  part  of  tlie  alkali  becomes  latent,  and  the  reft 
will  have  a  proper  proportion  with  refpefl  to  its  oxygene.  From  this  moment  the  con- 
tradlion  with  zinc  and  (ilver  is  again  produced.  Increafe  the  quantity  of  acid,  and  the 
movements  are  again  weakened.  In  this  manner  it  is,  that  by  forming  an  equilibrium  be» 
iwecn  the  azoieof  the  alkali  and  the  oxygene  of  the  acid  applied  to  the  animal  fibre,  the 
irritability  of  the  organs  maybe  taken  away  or  rctlorcd  three  or  four  times  in  fucceiGbn. 
You  may  cafily  perceive.  Sir,  that  thefe  experiments  require  fteady  attention.  The  degree 
of  infenfibility  to  which  the  nerve  is  reduced  by  repeating  them  may  be  very  different.  It 
is  poQible  to  determine  exactly  the  quality  of  the  chemical  agents,  their  weight  and  tempera- 
lurc ;  notwithftanding  which,  many  experiments  do  not  fucceed.  The  reafon  is,  that  there 
arc  conditions  which  depend  on  the  individuality  of  the  organization,  and  concerning  which 
we  mud  ftill  confefs  our  total  ignorance.  The  influences  of  the  oxygenated  amriatic  acid 
upon  the  animal  fibre  are  lefs  marked  than  thofe  of  the  alkalis ;  but  they  are  neverthelcfs 
of  much  importance.  I  fteeped  the  feet  of  a  frog  {I  mention  this  animal  by  preference, 
though  I  have  made  the  fame  experiments  on  other  fpecies)  in  a  folution  of  opium  in  al- 
cohol. The  metals,  or  galvanifm,  excited  no  motion.  I  threw  one  leg  into  pure  water, 
and  the  other  into  the  oxygenated  muriatic  acid ;  the  firft  remained  motionlefs,  the  fecond 
gave  very  ftrong  contraftions,  and  (hewed  that  its  irritability  was  reftored.  The  common 
acids  deprcfs  the  irritability  of  the  nervous  fibre.  A  crural  nerve,  rendered  infcnfiblc  by 
the  ordinary  muriatic  acid,  remains  fo  though  it  has  been  Iteeped  in  the  folution  of  pot-alfa: 
but  the  mineral  acids  exhauft  the  forces  of  the  mufcles,  by  condenfing  the  elements  of  the 
mufcular  fibre.  Thefe  acids  a<S  in  the  fame  manner  as  cold,  which  deprelTes  the  nerves, 
and  is  beneficial  to  the  mufcles.  The  mufcles  and  the  nerves  have  fpecific  ftimuli,  agree- 
abje  to  the  divcrlity  of  the  elements.     The  terrible  ai^ioa  which  the  alkalis  exercife  on  the 
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ftervcs  appears  to  explain  the  e£Fe£l  of  the  fccretion  of  the  femlnal  liquor  on  the  blood.  It 
is  this  alkali  which,  diftributed  throughout  the  fydem,  anfwers  the  purpofe  of  a  flimulus 
beneficial  to  the  animal  fibre.  By  this  adlion  I  account  for  the  ferocity  of  the  ichthyophagi. 

My  eldcft  brother,  who  is  very  (kilful  in  the  ftudy  of  anatomy,  applied  zinc  and  filver 
to  the  mouth  and  the  braia  of  a  dead  fifh ;  it  afforded  no  motion.  I  poured  oxygenated 
muriatic  acid  on  the  neryes,  and  at  that  indant  the  contra£lions  became  very  flrong.  Mr. 
Herz  and  feveral  learned  men  of  Berlin  were  prefent  at  thefe  and  many  other  experiments. 
The  heart  of  the  fame  fifli,  which  had  entirely  ceafed  to  palpitate,  began  to  perform  this 
movement  with  regularity  when  I  threw  it  into  the  oxygenated  muriatic  acid.  The  fame 
experiment  fucceeded  very  often  with  the  hearts  of  frogs  :  when  a  heart  is  immerfcd  in  a 
folution  of  pot-afh,  it  lofes  its  irritability  for  ever  ^  fo  that  azote  is  not  the  fpecific  (limulus 
of  the  heart. 

Mr.  PfafF,  while  employed  in  my  experiments  refpefting  germination  in  the  oxygenated 
muriatic  acid,  has  difcovered  that  frogs  fufFocated  in  the  oxygenated  muriatic  acid  gas 
exhibit  a  very  high  degree  q(  irritability  after  their  death.  I  beg  you  will  fix  the  attention 
of  Mr.  Vauquelin  on  the  adtion  of  fulphate  of  pot-a(h  upon  the  nerves.  I  have  been  afto- 
nifhed  at  every  thing  I  beheld.  Two  legs  cf  frogs  in  a  very  lively  flate  were  fteeped  in 
the  folution  of  the  fulphate  of  pot-a(h.  I  tried  them  three  or  four  minutes  afterwards 
with  the  metals^  The  contra£lions  had  increafed  in  force,  and  were  even  convulfive.  It  ap- 
peared that  the  three  acidifiable  bafes  contained  in  the  folution  hydrogene,  azote,  and  ful- 
phur,  afted  (Irongly  on  the  oxygcne  conveyed  by  the  arterial  blood.  This  aftion  revives 
the  procefs  of  vitality.  After  fourteen  or  fixteen  minutes  the  whole  thigh  became  of  a 
blackifli  brown.  All  the  oxygene  of  the  blood  was  abforbed,  aud  the  carburet  of  hydrogene 
appeared  in  a  difengaged  (tate.  The  2inc  and  the  Giver  are  not  then  capable  of  exciting 
the  fmalleft  motion. 

Yet  it  would  be  a  great  miftake  to  conclude  that  all  irritability  is  exhaufted  in  this  cafe* 
I  have  feen  the  contraflions  re-appear  feveral  times  on  reftoring  oxygene  to  the  fibre  by 
means  of  a  folution  of  the  oxide  of  arfenic.  The  flame  is  thus  renewed  which  feemed 
ready  to  expire.  The  oxide  of  arfenic  produces  a  tetanus  and  perfeft  infenfibility  if  the 
nerve  remains  long  immerfed.  It  feems  then  that  the  too  great  quantity  of  oxygene  abforbs 
as  it  were  the  acidifiable  bafes  which  fupport  the  chemical  procefs  of  vitality.  I  have 
thrown  the  whole  thigh  into'  the  folution  of  pot-afli,  and  I  obferved  that  galvanifm  after* 
wards  had  the  power  of  exciting  motion. 

You  fee.  Sir,  what  an  immenfe  number  of  experiments  remain  to  be  made  on  thefe  ob- 
jeds  of  vital  chemiflry.  It  is  enough  that  a  method  has  been  pointed  out  of  meafuring 
the  degree  of  irritability  of  the  organic  parts  by  means  of  galvanifm.  I  fliall  have  the 
honour  to  fend  you  my  work  on  the  nervous  and  raufcular  fibre,  and  on  the  chemical  pro-, 
ccfs  of  vitality.  I  collect  fafts,  and  miftrufl  my  oven  hypothetical  ideas.  You  will  perceive 
with  me  how  miftaken  the  notion  is  that  oxygene  performs  the  principal  part  in  this  procefs. 
My  experiments  prove  that  the  irritability  or  tone  of  the  fibre  depends  only  on  the  mutual 
equilibrium  between  all  the  elements  of  the  fibre,  azote,  hydrogene,  carbone,  oxygene, 
fulphur,  phofphorus,  &c.  The  chemical  combinations  of  phofphorus  and  of  azotes  for 
example,  appear  to  be  in  no  refpeft  lefs  important  than  thofe  of  oxygene  with  the  acidi- 
fiable bafes.  How  much  light  may  we  not  expedl  from  the  advances  of  yourfelf,  Four- 
croy,  and  Vauquelin  on  thefe  objefts !  VoN  Humboldt. 
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AnDITIOJSr  U  thiforegdng  LETTER^ 

H  A VING  prefcrvcd  fomc  frogs  for  th€  winter,  I  have  this  morning  repeated  feme  ex- 
periments, of  which  I  Venture  to  fend  you  an  account.  In  the  preceding  letter  I  have  re^ 
marked  that,  as  we  are  only  fuperficially  acquainted  with  the  principles  of  vital  ch^iftry^ 
we  ought  not  to  be  furprifed  if  we  do  not  always  obtain  the  fame  refults^  A  negative  ei> 
periment  proves  nothing  againft  another  of  an  affirmative  nature. 

I  am  very  fure  that  a  nerve  rendered  infenfible  by  alcohol  will  not  recover  its  irritability 
by  fulphate  of  pot-afli.  But  it  may  very  well  happen  that  a  thigh,  of  which  the  tetanus  has 
been  caufed  by  the  oxide  of  arfenic,  (hould  remain  In  a  (late  of  tenfion  notwithdanding  the 
a£lion  of  the  folution  of  pot-afb. 

I  have  feen  the  following  fa£ls  within  this  quarter  of  an  hour.  I  took  the  four  extremi- 
ties of  a  very  lively  frog.  The  right  arm  and  the  right  leg  leaped  on  zinc  and  filver.  I 
fteeped  them  for  four  minutes  in  alcohol.  The  hydrogenc  aded  ftrongly  on  the  fibre. 
The  toes  of  the  foot  trembled  during  the  firft  minute^  Soon  afterwards  a  total  rigidity 
came  on ;  the  mufcle  became  white,  the  blood  having  apparently  loft  its  oxygene.  I  re- 
placed the  arm  and  the  leg  on  the  zinc  and  filver,  but  there  was  not  the  ilighteft  contra£lion.^ 
I  then  quickly  threw  them  into  the  oxygenated  muriatic  acid>  which  I  had  fiiaken  ftronglf 
before  it  was  poured  out ;  the  limbs  remained  in  it  for  three  minutes.  A  flight  tremulous 
motion  (hewed^  even  in  the  cup,  that  the  vital  forces  were  reftored.'  I  replaced  the  arm  and 
the  leg  on  the  metals ;  the  contractions  were  again  produced^  not  only  with  zinc  and 
'  filver,  but  with  zinc  and  iron. 

Here  I  think  is  a  very  fimple  and  decifive  experiment.  I  then  changed  the  method  in 
order  to  obferve  the  effeft.  I  took  the  left  thigh,  and  immerfed  it  for  nine  minutes  in 
alcohol.  It  loft  all  irritability,  and  the  oxygenated  muriatic  acid  was  no  longer  capable  of 
reftoring  the  vital  forde.  The  left  arm  had  remained  untouched  for  fifteen  or  eighteei* 
minutes.  I  prepared  its  nerve,  but  it  (hewed  only  very  weak  and  flow  contradlions  with 
zinc  and  filver.  I  threw  it  into  alcohol.  After  the  firft  minute  its  irritability  was  increafedy, 
the  galvanifm  aAed  more  ftrongly }  but  after  three  minutes  all  the  irritability  was  exhaufted,. 
and  I  applied  in  vain  the  remedy  of  oxygenated  muriatic  acid.  I  fteeped  the  arm  in  the 
folution  of  the  oxide  of  arfenic,  and  it  then  afibrded  contra£lions,  though  very  weak. 

"Here  are  four  experiments,  two  of  which  fucceeded,  and  in  the  two  others  the  vital  forces 
were  not  reftored.  I  think,  nevcrthelefs,  thatin  good  logic  we  ought  to  admit  the  affirm- 
ative experiments.  Examine  the  conditions,  and  you  will  fee  they  are  very  different.  The 
left  leg  remained  too  long,  nearly  nine  minutes,  in  the  alcohol.  The  Tight  arm  was  al- 
ready very  weak  when  the  experiment  began.  Who  can  boaft  of  reviving  the  dead  ?— If 
of  two  chemifts  the  one  (hould  obtain  oxygene  gas  by  heating  the  red  oxide  of  mercury, 
while  the  other  did  not  obtain  it,  we  (hould  always  believe  that  the  apparatus  of  the 
latter  was  not  hermetically  clofed.  I  never  faw  an  organ  rendered  infenfible  by,a]cohol 
which  recovered  its  irritability  by  being  left  to  itfelf.  It  neceflarily  follows,  therefore,  that 
in  the  experiments  I  have  ventured  to  relate,  and  of  which  my  work  contains  a  very  great 
number,  the  oxygene  of  the  muri«itic  acid  muft  have  been  a  principal  agent.  The  art  of 
medicine  will  be  infinitely  benefited, if  we  (hould  fucceed  in  obferving  the  phenomena 
which  the  feveral  elements  produce  in  contaft  with  the  irritable  fibre.  It  is  proper  to  begin 
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teith  fimple  comtinations,  and  afterwards  proceed  to  combinations  of  two,  three,  and  four 
principles. 

I  have  fent  to  the  National  Inflitute  a  memoir  on  the  nature  of  light,  and  its  chemical 
combinations.  Mr.  Wedgwood  pretends  that  the  phofphorefcence  of  calcined  bodies  is 
not  altered  in  hydrogene  and  azotic  gas.  I  think  he  did  not  purify  thefe  gafes  by  means 
t>f  phofphonis,  as  I  did.  I  have  feen  luminous  wood  extinguiftied  in  the  azotic  and  hydro- 
gene  gafes.  A  fmall  quantity  of  oxygenc,  being  admitted  into  the  vefllel,  caufes  the  whole  of 
the  phofphorefcence  *  to  revive.  I  have  alfo  converted  morilles  (Phallus  Efculentus)  into 
«  fubftance  which  refembles  tallow,  by  means  of  the  fulphureous  acid*  I  have  made  foap 
of  it. 

Bayreuih^  December  29,  I79<J-  Von  Humboldt. 


HxtraS  of  a  Letter  from  Citizen  FoVRCROT  to  Citizen  Va2^  Mons  on  the  SubjeB  of  that  of 

Mr.  Humboldt. 

^  I  THINK  Mr.  Humboldt  proceeds  with  rather  too  much  expedition  in  his  folutions.  It 
is  to  be  feared  that  he  may  find  it  neceflary  to  retradt.  I  am  apprehenfive  that  he  admits 
too  many  hypothefes  f :  that  he  does  not  repeat  each  experiment  fufficiently  before  he 
forms  a  conclufion.  This  in  particular  is  much  more  important  with  regard  to  the  philo- 
fophy  of  animal  bodies  than  any  other  branch  of  fcience,  becaufe  it  is  furrounded  by  num- 
berlefs  difficulties  and  multiplied  fources  of  error  and  illufion.  I  fear  that  if  certain  chemifts 
continue  to  advance  with  fuch  rapidity,  the  phyficians  will  foon  have  reafon  to  exclaim 
againft  this  encroachment.  If  applications  be  too  fuddenly  made,  and  arbitrary  fuppofitions 
accumulated,  it  may  perhaps  come  to  pafs  that  this  fcience  may  a  fecond  time  be  rcjc£led 
■from  the  healing  art,  as  it  was  formerly  by  Stahl  and  Boerhaave,  in  confequence  of  the 
cxceflive  abufe  of  hypothefes  committed  before  their  time  in  this  rcfpefl  by  Tachenius, 
Willis,  and  others.  Too  much  earneftnefs  may  be  equally  pernicious  to  chemiftry  as 
well  as  medicine,  and  impede  the  progrefs.  which  the  firft  is  capable  of  producing,  and 
ought  to  produce,  in  the  fecond. 

Mefirs.  Girtanner  and  Valli  appear  to  me  to  make  an  ill  ufe  of  their  abilities  and  know- 
ledge in  this  reij>e£t.  *  They  fufPer  themfelves  to  be  carried  away  by  the  ingenious  notions 
they  derive  from  modern  chemiftry. 

All  this,  however,  does  not  prevent  my  being  of  opinion  that  the  experiments  of  Mr. 
Humboldt  are  extremely  intercfting,  and  that  he  ought  to  continue  them  with  afiiduity  ; 
but  I  (hould  wi(h  that  he  would  vary  them  more,  repeat  each  in  particular  more  frequently, 
and  be  moderate  in  his  conclufions.  I  cannot,  for  example,  repeat  to  ypu  how  many  new 
ideas  and  chemical  explanations,  very  probable  in  themfelves,  have  occurred  tome  during 

"^  Spallanzani  obfcrvcd  the  fame  phenomena  ;  and,  what  is  more  remarkable,  he  obfcrved  the  phofpboric  or 
iliining  animals  ceafed  to  emit  light  in  the  azote,  hydrogene  and  carbonic  gafes,  and  that  they  emitted  a  light 
infinitely  uiore  vivid  ii^  oxygene  gas  than  in  the  atmofphcric  gir.  Chimico  ElaoK  degli  Elperimenti  de  Goett- 
ling.     Modcna,  1796. 

t  For  ejiaipplc,  in  the  preceding  Oicmoir  he  f|>c iks  of  the  aiotc  of  alkalis  as  if  it  were  demonllratcd  that 
{izotc  is  one  of  the  principles  of  thcfe  bodies.  1  liril  announced  or  fufpcfled  tlu»  eight  years  ago,  but  it  is  not 
yet  proved.     F.  •  .."."• 

3  A  2  feveral 
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feveral  years  paA,  in  confequence  of  my  refearches  into  the  animal  analyGs.  They  wooM 
be  fufficient  to  change  the  afpeft  of  phyfiology  and  medicine ;  but  I  have  been  careful  not 
to  publifh  them  until  well  matured  and  proved  by  experience,  left  I  (hould  otherwife  em*^ 
barrafs  tvtro  fciences  at  once.  1  wifh  to-ri(k  nothing  of  this  kind>  but  proceed  gently,  and 
hope  to  arrive  at  folid  conclufions  in  the  courfe  of  time.  I  am  earneftly  defirous  of  feeing 
tlie  work  of  Mr.  Hildebrandt,  as  well  as  that  of  M.  Humboldt.  Notwithftanding  the  fpeed 
they  appear  ro  (hew  in  their  chemical  explanations  of  vegetable  and  animal  life,  I  know 
not  why.  I  am  perfuaded  that  they  are  lefs  advanced  than  we  in  the  analyfis  and  true  in«- 
timate  knowledge  of  the  materials  of  thefe  two  kingdoms.  I  very  much  commend  their 
zeal,  and  admire  their  bold  advances;  but  they  cannot  blame  out  well-grounded  caution  and 
prudent  flownefs*  It  is  admirable  to  proceed  with  expedition,  and  make  great  advances  tn. 
the  paths  of  nature  j  but  it  is  ftill  better  to  obferve  well,  to  fee  clearly,  and  to  communi-* 
cate  with  accuracy  what  we  obferve  in  our  progrefs.  I  am  ftill  on  my  journey,  and  confefa 
that  I  am  very  far  from  having  arrived  at  the  place  I  am  defirous  of  reaching. 

The  young  men  have  attended  with  ardour  my  courfe  of  Animal  Chemiftry  at  the  School 
of  Medicine.  Nothing  can  equal  their  wifli  to  learn.  The  twenty  lediurcs  I  give  on  this 
part  of  chemiftry,  which  is  fo  new,  produce,  as  I  fee,  a  great  movement  in  this  branch  of 
the  ftudy  of  nature.  But  I  moderate  their  enthufiafm  as  much  as  I  can.  I  fear  left  by 
too  much  precipitation  this  beautiful  machine  ftiould  be  broken  in  my  hands.  It  would  be 
much  to  be  regretted  if  expe£bations  fo  rich  and  fo  happy  were  to  be  difGpated  in  fmoke^  and 
this  will  not  fail  to  happen  if  the  edifice  be  built  on  hypothefes,  or  too  much  hafte  be  made 
in  conftru£lion  before  the  materials  are  ready.  I  colleft  them  by  degrees,  but  they  arc  ftill 
too  fcanty  to  riik  the  formation  of  a  fyftem.  Yet,  to  fpeak  plainly,  I  think  there  arc  few 
chemifts  who  poflefs  more  fa£ls  than  myfelf  on  the  animal  analyfis :  but  they  are  not  yet 
fufficiently  connected  in  their  relations  to  each  other  to  form  an  entire  work*  If  the  at* 
tempt  were  made,  it  certainly  would  not  be  £re  perenniusy  &c.  &c.. 
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Concerning  the  Properties  of  the  Sulphureous  Acld^  and  its  Combinations  with  Earthy  and  Alkaline 

Bafes.     By  Citizens  FoURCROT  and  VaU^ELIN. 

Concluded  from  page  3 1  &• 

Sulphite  of  Soda. 1      X  HIS  fait  is  white^  and  perfeftly  tranfparcnt.     Its  figure  a  four««- 
fided  prifm,  two  of  the  fides  being  very  brpad,  and  two  narrow,  terminating  in  dihedral 
pyramids.     Its  tafte  is  cool,  and  afterwards  fulphureous. 

Its  habitudes  in  the  fire  are  abfolutely  the  fame  as  thofe  of  the  fulphite  of  pot-afli,  ex« 
cepting  only  that  it  commences  its  alterations  by  the  aqueous  fufion. 

By  cxpofure  to  the  air  it  efflorefces,  and  is  afterwards  converted  into  fulphat,  but  lets 
fpeedily  than  the  fulphite  of  pot-afli. 

It  requires  four  parts  of  water  for  its  folution  5  is  more  abundantly  foluble  in  hot  water, 
and  readily  cryftallizes  by  cooling. 

Barytesj^ 
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Jfarytes,  lime,  and  pot-a(h.dccompofc  Uic  fulphitc  of  foda. 

Jt  is  not  foluble  in  alcohol. 

Salts  with  bafes  of  pot-afh,  except  the  carbonate,  do  not  decompofe  this  fait ;  the  other 
genera  decompofe  it  like  the  fulphate  of  pot-afh. 

The  metallic  oxides,  and  their  folutions  in  acids,  have  the  fame  efie£^s  with  tha  fulphite 
of  foda  as  with  that  of  pot-afh. 

It  contains  per  quintal — i.  Soda  i8,8j — 2.  Sulphuric  acid  31,2  5—3.  Water  50. 

Sulphite  of  Ammoniac.^  This  fair  has  the  form  of  a  prifm  of  fix  fides,  terminated  by  fixw 
iided  pyramids.  It  fometimes  afiumes  the  figure  of  a  fquare  tablet,  the  borders  of  which 
are  Hoped  fo  as  to  form  a  folid  of  fix  irregular  faces.  Its  tafte  is  cool  and  penetrating,  like 
that  of  the  ammoniacal  falts  *,  but  it  leaves  a  fulp.hureous  impreflion  in  the  mouth. 

By  expofure  to  the  air  it  attrafts  moidure,  and  foon  afterwards  pafles  to  the  ftate  of  fulphat.  - 

It  is  very  foluble,  and  requires  at  mod  its  own  weight  of  water  for  its  folution^ 

Heat  increafes  its  folubility,  and  it  cryftallizes  by  cooling. . 

On  the  fire  it  is  volatilized  without  decompofition. 

Barytes,  lime,  pot-afh,  and  foda  decompofe  it  in  the  cold  j  magnefia  produces  the  fame  ' 
efe£b  by  the  afliftance  of  heat. 

The  acids  a£t  on  the  fulphite  of  ammoniac  in  the  fame  manner  as  on  thofe  of  pot-alh  and '' 
foda  i  but  the.  refults  are  different. 

Charcoal  does  not  convert  it  into  fulphuret,  becaufe  it  rifes  too  fpeedily  by  heat. 

It  does  not  decompofe  falts  with  bafes  of  pot-afh  or  of  foda,  but  it  decomppfes  thofe  of 
lime,  magnefia,  barytes,  and  alumine,  with  which  it  forms  infoluble  precipitates. 

Its  habitudes  with  the  metallic  oxides  and  falts  are  nearly  the  fame  as  thofe  of  the  ful- 
pfiites  of  pot-a(h  and  of  foda,  excepting  that  it  forms  with  feveral  of  them  triple  falts,  as  - 
we  (hall  more  amply  explain  in  another  memoir  on  the  metallic  fulphites. 

Its  component  parts  in  the  quintal  are — i.  Ammoniac  29,07;--— 2.  Sulphuric  acid  60,06;  * 
—Water  10,87. 

Sulphite  of  Lime.']    The  form  of  the  fulphite  of  lime  is  that  of  a  fix-fidcd  prifm,  termi- 
nating in  a  very  lon^  pyramid.   Its  tafle  at  firfl  is  fcarcely  perceptible;  but  when  it  has  been  ^ 
kept  for  fome  time  in  the  mouth,  it  communicates  to  the  tongue  a  tafle  which  is  manifefUy 
fulphureous. 

This  fait,  when  well  neutralifed,  is  very  fparingly  foluble  in  water;  but  it  becomes  folu-  - 
ble  by  an  excefs  of  acid.  In  this  way  it  may  be  obtained  in  cryflals;  that  is  to  fay,  by* 
expofing  its  folution  in  theTulphureous  acid  to  the  air.*  The  acid- is  diffipated,  and  leaves  - 
the  fait  in  a  ftate  of  purity.  Barytes  alone,  among  the  earths,  is  capable  of  decompofing  it.  • 
This  may  be  afcertained  by  mixing  a  folution  of  that  earth  with  a  folution  of  the  neutral  < 
fidphite  of  lime,  when  a  light  precipitate  is  formed. 

Heat  converts  it  into  fulphate,  by  depriving  it  of  a  portion  of  fulphur» 

The  mineral  acids  decompofe  it,  like  the  other  fulphites.  ^ 

The  alkalis  produce  no  change  in  this  fait ;  for  the  alkaline  fulphites  arc  decompofed  by 
lime. 

Among  the  neutral  falts,  the  alkaline  carbonates,  as  well  as  the  alkaline  phofphates  and  - 
fluates,  alone  decompofe  it. 

It  does  not  acquire  the  ftate  of  fulphat  by  contaft  of  the  air,  but  very  flowly.. 

Metallic 
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Metallic  folutions  decompofe  it,  at  lead  for  the  mod  part. 

The  quintal  contains — i.  Lime  47; — 2-  Sulphuric  acid  48  5—3.  Water  5. 
Sulphite  of  Magnefia.']     This  fait  is  whfte  and  tranfparent.     Its  form  a  deprjfl*ed  tetra« 
hedron ;  its  tafte  is  mild  and  earthy  at  firft,  and  afterwards  fulphureous. 

By  expofure  to  heat,  it  foftens,  fwells  up,  and  becomes  duftile^  like  gum  ;  it  lofes  about 
0,45  of  its  weight  by  the  deficcation. 

If  the  heat  be  kept  up  after  it  has  loft  its  water  of  cryftallization,  the  fulphureous  acid 
flies  off,  and  the  refidue  in  the  Ibtort  is  magnefia,  nearly  pure.  In  this  way  we  found  that 
a  quintal  of  this  faft  is  compofed  of  16  parts  magnefia,  39  fulphureous  acid,  and  45  water. 

This  fait  is  fparingly  foluble  in  water,  but  very  foluble  in  an  excefs  of  acid  \  and  this  fo* 
lution,  expofed  to  the  air,  cryftallizes  very  readily,  by  lofing  its  excefs  of  acid. 

It  becomes  opake  in  the  air,  and  changes  by  degrees  into  fulphate ;  but  for  this  purpofe 
much  time  is  required. 

The  fixed  alkalis,  lime  and  barytes,  decompofe  it  completely  ;  ammoniac  decompofes  it 
in  part  only,  and  a  triple  fait  is  formed. 

The  alkaline  and  earthy  faits,  except  thofe  of  alumine,  decompofe  it  likewife. 

The  mineral  acids  and  metallic  folutions  produce  the  fame  effects  on  this  fait  as  on  the 
other  fulphites. 

Sulphite  ofBarytes.'\  This  fait  does  not  cryftallize,  has  no  perceptible  tafte,  and  is  per- 
feQly  infoluble  in  water.  For  this  reafon  the  fulphureous  acid  carries  down  a  precipitate 
from  the  aqueous  folution  of  barytes.  It  is  not  rendered  foluble  by  an  excefs  of  acidj  like 
the  other  earthy  fulphites. 

Heat  clianges  it  into  fulphate  \  but  it  does  not  pafs  to  this  ftate  by  expofure  to  the  air,  but 
with  extreme  difficulty. 

No  earth  nor  alkali  decompofes  it.  , 

The  acids  decompofe  it  -,  whence  the  fulphureous  acid  does  not  precipitate  the  barytic 
falts,  as  the  fulphuric  acid  does. 

Among  the  neutral  falts  there  are  none  but  the  alkaline  carbonates  which  decompofe  it. 

The  other  properties  of  this  fait  are  fuch  as  are  common  to  the  fulphites* 

It  is  compofed  of — i.  Barytes  59  j^-^-a.  Sulphureous  acid  39; — 3.  Water  2. 

Sulphite  of  Alutnine.'\  It  is  infoluble  in  water,  but  becomes  abundantly  fo  by  excefs -of 
acid.  Its  diflblution  does  not  cryftallize  by  the  contaft  of  air,  and  becomes  conrerted  into 
a  foftilh  du£lilc  mafe. 

Fire  difengages  the  fulphuric  acid  without  alteration. 

All  the  alkalis  and  earths  decompofe  it,  as  do  alfo  the  mineral  acids. 

Its  component  parts  are — 44  alumine,  32  fulphureous  acid,  and  24  water. 

From  the  fafts  defcribed  in  this  memoir  it  is  evident  that  the  fulphites  poflefs  very  dif- 
ferent properties  from  thofe  of  the  fulphates;  and  that  they  follow  peculiar  laws  of  folution^ 
cryftallization,  affinity,  and  decompofition. 

In  faft  they  poflefs — 1.  A  fulphureous  tafte,*  fimifcir  to  that  of  their  acid.  a.  They  arc 
ilecompofable  by  fire,  either  by  the  efcapc  of  their  acid  without  alteration,  or  by  lofing  a 
portion  of  fulphur  and  becoming  converted  into  fulphates.  3.  They  are  converted  into  ful- 
phates by  the  contaft  of  air,  or  of  any  other  fubftance  capable  of  affording  oxygene;  and  their 
weight  is  incrcafed  by  this  converfion.  4.  They  arc  decompoCed  by  moft  acids;  which  expel 

the 
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Ae  fttlphureous  add  with  efferrefcence,  and  the  produflion  of  a  ftrong  penetrating  odoun 
5.  They  burn  rapidly,  and  with  flame,  when  heated  with  fuper-oxygenated  muriate  of  pot« 
afhy  or  with  faltpetre,  and  become  fulphates.  d.  The  alkaline  fulphites  are  more  foluble 
than  the  fulphatcs,  and  the  earthy  fulphites  are  much  lefs  fo.  7*  Laftly,  the  fulphite  of 
lime  is  not  decompofed  by  the  alkalis,  like  the  fulphate. 


VIL  ^ 

An  Account  of  the  Great  Copper  Works  in  the  IJle  ofAngkfej, ,  By  Mr.  AnTHUJi  AlKJN  *• 

TAugu^  13,  1 79(5. 
HIS  has  been  a  mod  interefting  and  entertaining  day,  being  fpent  in  vifiting  the 
vaft  copper  works  connected  with  the  Parys  Mountain.  We  breakfafted  at  Amlwch,  a  con- 
fiderable  town  on  the  coaft,  about  two  miles  from  the  mine,  and  almoft  entirely  peopled  by 
the  miners  and  their  families. 

We  had  no  difficulty  in  diftinguiQiing  this  celebrated  mountain,  for  it  is  perfedly  barren 
from  the  fummit  to  the  plain  below ;  not  a  fingle  flirub^  and  hardly  a  blade  of  grafs,  being 
able  CO  live  in  this  fulphureous  atmofphere* 

*'  No  grafly  mantle  hides  the  fable  hills,         \ 
No  flowery  chaplet  crowns  the  trickling  rills ; 
Nor  tufttd  roofs  nor  leathery  lichen  creeps 
In  ruflet  tapeilry  o'er  the  crumbling  ftceps/* 

I  Dakwik* 

The  nearer  we  approached  the  fcene  of  bufinefs,  the  more  penetrating  was  the  fame  of 
the  fulphur  •,  but  we  had  very  foon  too  many  objcSs  of  attention  to  regard  this  incon« 
venience.  The  mountain  is  about  a  mile  in  length,  and  is  the  property  of  Lord  Uxbridge 
and  the  Rev.  Mr.  Hughes,  and  the  fortunate  difcovery  of  the  copper  took  place  a  little 
more  than  thirty  years  agoj  thus  converting  a  piece  of  ground,  originally  of  very  little  value, 
into  one  of  the  moft  profitable  eftates  in  the  kingdom. 

The  fubftance  of  the  mountain  being  ore,  the  work  is  carried  on  in  a  very  different  manner 
from  the  cuftom  of  other  mines  :  here  are,  comparatively,  few  (hafts  or  levels,  the  greater 
part  being  quarried  out,  fo  as  to  leave  a  vaft  excavation  open  to  the  day.  There  are  two 
of  thefe  quarries  or  mines,  which  are  worked  by  two  different  companies  :  the  (irft  goes  by 
the  name  of  the  Mona  Mine,  and  is  the  fole  property  of  Lord  Uxbridge ;  the  other,  called 
the  Parys  Mine,  is  Ihared  between  the  Earl  and  Mr.  Hughes.  The  view  down  this  fteep 
and  extenfive  hollow  is  fingularly  ftriking.  The  fides  are  chiefly  of  a  deep  yellow  or  duiky 
ilate  colour,  ftreaked,  however,  here  and  there,  by  fine  veins  of  blue  or  green  fhooting 
,  acrofs  the  cavern,  mingled  with  feams  of  greyifli  yellow.  The  bottonv  of  the  pit  is  by  no 
means  regular,  but  exhibits  large  and  deep  burrows  in  various  parts,  where  a  richer  vein  has 
been  followed  in  preference  to  the  reft.  Every  corner  of  this  vaft  excavation  refounds  with 
the  noife  of  pickaxes  and  hammers :  the  edges  are  lined  with  workmen  drawing  up  the  ore 

•  Tour  through  North  Wales* 
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from  belo^r;  and  at  (hort  intervals  is  heard,  from  different  quarters,  the  loud  ^xplofion  of 
the  gunpowder  by  which  the  rock  is  blafted,  reverberated  in  pealing  echoes  from  every  fide. 

1  he  exterior  covering  of  the  mountain  is  an  aluminous  Hate ;  the  matrix  black^grey 
^hartz  ;  the  ore  r«>/|/>^r,  chiefly 

I.  The  yellow'fulphuratcd :  of  which  the  richeft  contains,  according  to  miners*  computa-. 
lion,  that  is,  in  the  proportions  of  the  ounce  troy, 

Sulphur  — ir  5  ^^^v^*  (^5  P'^'^  cent.) 

Copper                —  ■  Ditto. 

-Rcfufc  .    —         10  dwt;  (50  per  cent.) 

The  word  ore  yields  nearly  the  fame  quantity  of  fulphur,  but  of  metal  no  more  than  fix 
|;rains  (ij  per  cent.)s  this  inferior  kind,  however,  is  chiefly  worked  for  the  fulphur.  The 
t>thcr  fpecies  and  varieties  of  ore  that  the  mine  produces  are, 

II.  Black  ore,  containing  copper,  mixed  with  galena,  calamine,  and  a  little  filvcr. 

III.  Malachite,  or  green  and  blue  carbonate  of  copper. 

IV.  Native  copper,  but  in  very  fmall  quantity. 

V.  Sulphate  of  copper,  cryftallized  and  in  folution. 

VT.  Sulphate  of  lead  in  conCderable  quantity,  containing  a  pretty  large  proportion  of 
.  filver. 

VII.  Native  fulphur. 

Procefs. — The  ore  is  got  from  the  mine  by  blaftlng  5  after  which  it  is  broken  into  fmaller 
pieces  by  the  hammer  (this  being  chiefly  done  by  women  and  children),  and  piled  into  a 
kiln,  to  which  is  attached  by  flues  a  long  fulphur  chamber.  It  is  now  covered  clofe  ;  a 
little  fire  is  applied  in  different  places,  and  the  whole  mafs  becomes  gradually  kindled  ;  the 
fiilphur  fuUimes  to  the^top  of  the  kiln,  whence  the  flues  convey  it  to  the  chamber  appointed 
for  its  reception.  This  fmouldering  heat  is  kept  up  for  fix  months,  during  which  the  ful- 
phur chamber  is  cleared  four  times,  at  the  expiration  of  which  period  the  ore  is  fufliciently 
roafted.  "The  pooreft  of  this,  that  is,  fuch  as  contains  from  i^  to  2  per  cent,  of  metal,  is 
then  conveyed  10  the  fmelting-houfes  at  Amlwch-port ;  the  reft  is  fent  to  the  company's 
furnaces  at  Swanfea  and  Stanley  near  Liverpool,  The  greater  part  of  the  kilns  are  very 
long,  about  fix  feet  highj  and  the  fulphur  chambers  are  of  the  fame  length  and  height, 
connefted  by  three  flues,  and  on  the  fame  level  with  the  kilns ;  four  new  ones,  how- 
ever, have  been  built  at  Amlwch-port,  by  which  much  fulphur  is  preferved  that  would  have 
been  diffipated  in  the  old  kilns.  The  new  ones  are  made  like  lime-kilns,  with  a  contri- 
vance to  take  out  the  roafted  ore  at  the  bottom,  and  thus  keep  up  a  perpetual  fire.  From 
the  neck  of  the  kiln  branches  off  a  fingle  flue,  which  conveys  the  fulphur  into  a  receiving 
chamber,  built  on  the  rock,  fo  as  to  be  on  a  level  with  the  neck  of  the  kiln,  that  is,  above 
the  ore. 

The  two  fmelting-houfes,  of  which  one  belongs  to  each  company,  contain  3 1  reverberatory 
furnaces,  the  chimnies  of  which  are  41  feet  high  ;  they  arc  charged  every  five  hours  with 
12  cwt.  of  ore,  which  yields  |  cwt.  of  rough  copper,  containing  50  per  cent,  of  pure  metal; 
fhe  price  of  rough  copper  is  about  2I.  los.  per  cwt.  The  coals  are  procured  from  Swanfea 
and  Liverpool,  a  great  part  of  which  is  Wigan  flnck.  From  experiment  it  appears,  that 
though  a  ton  of  coals  will  reduce  more  ore  than  the  fame  quantity  of  flack,  yet,  owing  to 

the 
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the  dtiTerence  of  price^  the  latter  is,  upon  the  whole,  preferable ;  the  prices  of  the  two  at 
Liverpool  being— <oals  Sa*  6d.  per  ton — flack  5s.  per  ditto. 

The  fulphate  of  copper,  however,  is  the  ticheft  ore  that  the  mine  yields,  containing  abput 
50  per  cent,  df  pure  metal.  This  is  found  in  folution  at  the  bottom  of  the  mine,  whence 
it  is  pumped  up  into  cifterns,  like  tanners'  pits,  about  two  feet  jeep :  of  thefe  pits  there  are 
many  ranges,  each  range  communicating  with  a  ihallow  pool  of  coniiderable  extent.  Into 
thefe  cifterns  are  put  caft-iron  plates,  and  other  damaged  iron  yelTels  procured  from  Coal- 
brook  Dale ;  when  the  fulphuric  acid  enters  into  combination  with  the  iron,  letting  fall  the 
copper  in  the  form  of  a  red  fediment  very  fltghtly  oxided.  The  cifterns  are  cleared  once 
in  a  quarter  of  a  year,  when  the  fulphate  of  iron  in  folution  is  let  off  into  the  (hallow  pool, 
and  the  copper  is  taken  to  a  kiln,  well  dried,  and  is  then  ready  for  exportation.  The  ful- 
phate of  iron  remaining  in  the  pool  partly  decompofes  by  fpontaneous  evaporation,  and  lets 
hH  a  yellow  ochre,  which  is  dried  and  fent  to  Liverpool  and  London. 

The  fulphur  produced  in  the  roafting,  after  being  melted  and  refined^  is  caft  into  rolls 
and  large  cones,  and  fent  to  London.  The  cones  are  ufed  chiefly  for  the  manufaflory  of 
gunpowder  and  fulphuric  acid. 

Green  vitriol  and  alum  are  alfo  made  in  fmall  quantities  by  a  feparate  company ;  but  to 
thefe  works  ftrangers  are  not  admitted. 

The  number  of  men  employed  by  the  two  companies  is  laoo  miners,  and  about  93 
imelters  j  the  miners  are  paid  by  the  piece,  and  earn  in  general  from  a  (hilling  to  twenty-r 
pence  per  day. 

The  depth  of  the  mine  in  the  loweft  p:irt  is  50  fathoms,  and  the  ore  continues  as  plen- 
tiful as  ever,  and  of  a  quality  rather  fuperior  to  that  which  lay  nearer  the  furface. 

With  regard  to  the  annual  quantity  of  ore  raifed,  little  certain  can  be  mentioned.  The 
Parys  Mine  has  fumilhed  from  5006  to  10,000  tons  per  quarter,  exclufive  of  what  is  pro- 
cured from  the  fulphate  of  copper  in  folution }  and  as  the  two  mines  employ  nearly  equal 
numbers  of  workmen,  they  probably  afford  about  the  fame  quantity  of  ore. 

Adjoining  to  the  fmelting-houfes  is  a  rolling-mill,  upon  the  fame  conftruAion  as  malt- 
mills,  for  grinding  the  materiafs  for  (ire-bricks ;  diefe  confift  of  fragments  of  old  fire-brickSf 
with  chinch  (a  kind  of  magneGan  clay  found  in  coal-pits)  procured  from  near  Bangor-ferry* 

The  port  of  Amlwch  is  chiefly  artificial,  being  cut  out  of  the  rock  with  much  labovr  tn4 
expence,  and  is  capable  of  containing  30  veflels  of  two  hundred  tons  burthen  1  it  is  gieatlr 
expofed,  and  dangerous  of  accefs  during  high  northerly  winds,  which  drive  a  heavy  (ea  up 
the  neck  of  the  harbour.  The  two  companies  employ^  15  brigs  from  too  to  ij;6  tons 
burthen,  befides  floops  and  other  cra(^,  all  of  which  Ke  dry  at  low  water*. 

The  various  articles,  die  produce  of  the  mines,  which  are  Exported,  are  die  foUowiog: 
I.  Coarft  reguhis  of  copper  from  the  fmeking-houfeB. 
n.  The  richer  copper  ore  roafted* 

III.  The  dried  precipitate  of  copper  from  the  vitriol  pits. 

IV.  Refined  fulphur. 

V.  Ochre. 
VL  Alum. 
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The  to\Yn  of  Amlwch,  which  about  30  years  ago  had  no  more  tlian  half  a  dozen  houfes 
in  the  whole  parlfh,  now  fapports  a  population  of  four  or  five  thoufand  inhabitants;  and 
was  at  prefcnt,  being  market-day,  thronged  with  miners  and  country-people.  After  dinner 
wc  walked  along  the  fea  (liore,  climbing  the  deep  flate  rocks,  whence  the  water  below  ap- 
peared  of  a  beautiful  green,  and  fo  tranfparent  as  to  {l;cw  die  flielving  rocks  to  a  great 
deptli  beneath. 

Having  heard  that  at  Camlyn  Bay,  about  eight  miles  weft  of  Amlwch,  there  were  fome 
marble  quarries,  and  that  it  furniflied  afbeftos,  wc  rcfolvcd  to  fpend  this  day  in  vifiting  it: 
the  road  lay  in  general  about  half  a  mile  from  the  coaft  \  the  fubftratum  was  waved  greea 
xnagiiefian  flate.  When  we  arrived  at  Camlyn  Bay,  wc  looked  in  vain  for  marble  or  afbeftos^ 
and  proceeded  homewards  along  the  coaft.  The  fliore  ef  Camlyn  Bay  confifts  entirely  of 
green  and  purple  waved  magnefian  Ante  rock,  with  large  veins  of  quartz.  Having  arrived 
at  a  promontory  that  feparatcs  Cemmaes  Bay  from  the  former,  we  found  it  to  confift  of  a 
fine  blue-veined  limcftone,  or  common  marble.  Some  way  on,  near  the  village  of  Cem* 
maes,  this  limcftone  is  cut  through  by  a  ftratum  defccnding  to  the  water,  about  40  yards 
wide,  of  black  flate,  containing  iron  pyrites  ;  and  in  the  caverns  dug  in  this,  probably  in 
a  fruitlefs  fearch  after  metals,  are  efflorefcences  of  fulphate  of  iron  and  chalybeate  fprings* 
To  thi^  fucceeds  a  beautiful  watcr-grcy  fand,  mixed  with  lime  but  of  little  coherence,  oii 
cxgofure  to  the  air^  taking  an  ochrey  ftain.  Adjoining  to  this  are  a  few  yards  of  calcareous 
free-ftone,  and  then  a  cliff  of  very  hard  white  and  water-grey  marble  ;  a  range  of  fand  and 
loofe  free-ftone  fucceeds,  and  the  bay  terminates  with  a  marble  promontory.  The  (oil  of 
the  land  furrounding  the  bay  is  for  the  moft  part,  efpecially  near  the  vill^e,  a  deep  fand.. 
The  limcftone  terminates  ftiortly  after,  and  the  green-waved  magnefian  flate  continues  the 
boundary  of  the  ifland.  This  ridge  of  lime  is  in  general  higher  than  the  flate,  defcribing 
an  irregularly  indented  line  of  coaft,  about  four  miks  long  :  its  breadth  varies  from  a  quar- 
ter to  half  a  mile  \  and  a  narrow  valley,  forming  its  outline  towards  the  land,  feparates  it 
entirely  from  the  aftjeftinc  flate,  thus  preventing  any  intermediate  ftrata. 

The  whole  of  this  coaft  ia  cut  out  into  bays  or  receflies  of  various  forms  and  dimenfions, 
with  lofty  projecting  promontories,  which  are  for  the  moft  part  fine  flicep-walks.  A  num- 
ber of  iflands  alfo  are  formed  by  ledges  of  rock,  many  of  them  a  good  way  out  at  fea,  and 
at  high  water  juft^appearing  like  black  fpots  in  the  midft  of  the  waves:  many  of  thefe  creeks 
.arc  fccure  havens  for'fmall  veflcls,  which  are  proteGed  from  weft  and  fouth-weft  winds  by 
.the  rocks.  The  village  of  Cemmaes  ftands  upon  a  little  creek  opening  into  a  moft  beauti- 
ful bay  about  a  mile  acrofs ;  its  entrance  into  the  main  fea  is  guarded  on  each  fide  by  a 
craggy  promontory,  the  one  of  grey,  the  other  of  fnow-white  marble,  gliftening  above  the 
green  fea,  fmooth  as  the  furface  of  a  mirror,  and  whofe  fparkling  tranfparency  baffles  de- 
fcription.  In  the  interior  recefs  of  the  bay,  the  bank  of  black  flate,  mentioned  above,  was 
finely  contrafted  with  a  lofty  irregular  projefting  arch  of  white  marble,  jHerced  by  the  con- 
ftant  dafliing  of  the  waves ;  while  the  founds  of  laughter  and  merriment,  proceeding  from 
two  boats'  crews  of  young  [)eople,  that  had  juft  puftied  out  of  the  creek  on  a  party  of  plea- 
fure,  added  double  life  and  intercft  to  this  lovely  fcene.  The  land  adjoining  the  cliffs,  that 
overlook  the  fea,  produces  a  great  deal  of  corn,  chiefly  oats  and  barley.     A  golden  tinge 

already 
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already  begins  to  appear/ that  will  uflier  in  the  harveft,  as  foon  as  the  crop  of  hay  with 
which  the  farmers  are  now  buHed  is  fafely  houfed. 

As  we  approached  Amlwch^  we  were  much  pleafed  with  feeing  the  fears  of  rock  between 
the  town  and  fea  occupied  by  numerous  groupes  of  men,  women  and  children,  all  neat  and 
in  their  bed  clothes,  it  being  Sunday,  who  were  enjoying  the  mild  temperature  of  afummet 
cf ening  rendered  refrefliing  by  the  neighbourhood  of  the  fea.  In  one  place  we  obferved  a 
circle  of  men  gathered  round  a  point  of  r(5ck,  in  which  was  feated  the  orator  of  the  party 
reading  a  newfpaper  aloud,  and  commenting  upon  it ;  on  other  little  eminences  were  feen 
family  parties,  the  elder  ones  converfing,  and  the  younger  children  gamboling  about  them, 
or  running  races  with  each  other:  in  a  new-mown  meadow  clofe  to  the  town,  we  pailed  by 
a  large  company  of  lads  and  lafles  feated  on  a  green  bank,  chatting,  laughing,  and  full  of 
mirth  and  frolic*  To  one  who  had  been  a  fpe£l:ator  of  the  grofs  and  riotous  delight  too 
frequent  on  holyday-evenings  in  the  outflcirts  of  the  metropolis,  or  any  large  town  in  Eng- 
land,  the  contrail  could  not  fail  of  being  very  ftriking,  and  much  to  the  advantage  of  the 
inhabitants  of  Amlwch:  out  of  the  whole  number  we  did  not  fee  one  drinking  party  ;  the 
pleafures  of  fociety  and  mutual  convcrfe  needed  not  the  aid  of  intoxication  to  heighten 
dveii  relifli* 

Mtnn  time  tlie  fong  went  round,  and  dance  and  fport, 
Wifdom  and  friendly  talk,  fuccefnve,  dole 
Their  hours  away :  while  in  the  rofy  vale 
Love  breath*d  his  infant  (ighs,  from  anguifli  free. 
And  fiiU  replete  with  blifs ;  fave  the  fwcet  paia 
That  inly  thrilling  but  exalts  it  n.ore. 

Harmonious  Nature  too  look'd  frailing  on : 

Clear  ihone  the  ikies,  coofd  with  cccmal  gales. 

And  balmy  fpirit  all«  Thomson. 

I  am  acquainted  with  no  place  the  manners  of  whofe  inhabitants  are  fo  unexceptionable 
{as  far  at  lead  as  a  ftranger  is  enabled  to  judge  of  them)  as  Amlwch  ;  and  the  favourable 
opinion  which  I  was  led  to  entertain  of  them,  on  vidting  the  town  laft  year,  is  confirmed  by 
what  1  have  obferved  at  prefent.  Not  a  fmgle  indance  have  I  known  of  drunkennefs  \  not 
one  quarrel  have  I  witnefled  during  two  very  crowded  market  days,  and  one  of  them  a  day 
of  unuFual  indulgence,  that  I  pafled  at  this  place  \  and  I  believe  no  gaol  or  bridewell,  or 
houfe  of  confinement,  exifts  in  the  town  or.neighbourhood.  Mod  of  the  miners  are  me- 
thodifts,  and  to  the  prevalence  of  this  religious  fedi  is  chiefly  to  be  attributed  the  good 
order  that  is  fo  confpicuous.  .  Men  who  have  been  long  confirmed  in  habits  of  vice  and  ir- 
regularity, need  arguments  the  moft  potent  that  can  be  offered  to  counterbalance  the  affo- 
ciated  power  of  habit  and  inclination :  were  it  poflible  forcibly  to  tear  them  from  their 
conneftions,  and  to  place  them  in  an  entirely  different  fituation,  reafon  might  then  be  called 
in  gradually  to  perfeft  the  cure  •,  birt  wkere  this  cannot  be  done,  (and  in  moft  cafes  it  is 
impraflicable,)  what  argument  can  be  urged  of  fuch  overbearing  force  as  to  combat  with 
and  overthrow  the  moft  rooted  propenfities,  even  upon  their  own  territory,  unaffifted  by  ex- 
ternal coercion,  except  a  drong  and  imprcffive  appeal  to  their  hopes  and  fears  \  and,  by  pre- 

3^2  fenting 
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Tenting  both  exaggerated  and  in  full  contrafl:>  to  orerwhelns  tlie  mind  hf  (ofprife  and 
abrm  ? 

After  fupper  we  ftrolled  up  to  the  mountain,  which  now  no  longer  reTounded  with  the 
confuted  noife  of  pickaxes  and  hammers;  all  was  huihed  in  profound  filcnce^  and  the 
mooii-beamsy  which  were  refledted  bright  from  the  fides  of  the  vaft  excarations^  could 
fcarcely  penetrate  the  deep  abyfs  below*  As  we  returned  we  were  (truck  with  the  clear 
red  vivid  flames  ifluing  in  a  large  body  from  the  long  range  of  frndting-houfes  oo  the  coaft^ 
and  cafting  their  rays  to  ai  great  dillance*  .  . 

VIIL 

A  Method  of  dypoftng  Gt^NfER^s  Line  of  Numbers^  by  tuhich  the  Diyjfiins  4!re  enlarged,  and 

other  Advantages  obtained. 


o 


F  the  many  ingenious  indruments  for  computation  which  were  in  ufe  during  the  laft 
century,  among  mathematicians,  fcarcely  any  are  to  be  found  at  prefent  except  the  feAor 
and  the  logarithmic  line  of  Gunter.  The  cafe  and  accuracy  of  computation  by  tho£e  ad^ 
mirable  numbers  have  rendered  the  others  of  little  importance  ^  but  the  fe£lor  has  main<* 
tained  its  ftation  from  its  utility  in  graphical  operations,,  and  the  Guhter's  line  is  not  only 
of  great  value  in  nautical  and  other  proportions  which  do  not  exceed  three  places  of  figures> 
but  alfo  as  a  check  to  aflure  the  truth  of  the  leading  figures  in  more  extended  calculations* 
About  ten  years  ago  I  communicated  to  the  Royal  Society  a  method  of  extending  the  range 
of  this  laft  inftrument,  which  I  (liil  confider  as  lets  generally  known  than  its  utility  may 
perhaps  claim*    The  principles  depend  on  the  following  confiderations  i 

"^i.  If  two  geometrical  feries  of  numbers,  haring  the  fame  common  ratio,  be  placed  in  ofw 
der  with  the  terms  oppofite  each  other^  the  ratio  between  any  term  in  one  feries  and  its. 
oppofite  in  the  other  will  be  conftant  *• 

2*  And  the  ratio  of  a  term  in  one  feries  to  any  term  t»  the  odier,  will  be  the  &me  aa  oIk 
tains  between  any  other  two  terms  having  the  fame  relative  poCtion  and  diftance  f* 

3*  In  all  fttch  pairs  of  geometrical  feries  as  have  the  fame  common  ratio,  the  laft-mei»» 
tioned  property  obtains^  though  the  firft  antecedent  and  confequent  be  taken  in  one  paii^ 
and  the  fecond  in  any  other  pair  f  . 

4*  If  the  difierenees  of  the  logarithms  of  numbers  be  laid  in  order  upon  an  arrangement 
of  equi-diftant  parallel  right  lines,  in  fuch  a  manner  as  that  a  nght  line  drawn  acrola  the 

Then  a  t  b  II  aai  hi:  an*  t  h^,  &c«. 
f  In  die  foregoing  feries  «  :  fai*  ::  of^  :  fa^  ::  mi :  4ii*,  &c. 

jG«,«,ferie,{-2;2:£s: 

(d  da    da*    da^   da^ 

Geom.  lerics  <^b^  b^  U^  bdk^ 

^p    a      a      a     a 

ThicuaihFudai ,  Ace. 
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whjofe;  (halt  interfed  it  at  divifions  wLich  denote  numbers  in  geometrical  progrelfion ;  then^ 
from  die  eondition  of  the  arrangement,  and  the  property  of  this  logarithmic  line^  it  follows, 
firfty  that  every  right  line  fo  drawn  wi]l,  by  its  interfe£lionS)  indicate  a  geometrical  feries 
•f  numbers  * ;,:  fecondlyj,  tliat  fuch  feries  as  are  fo  indicated  by  parallel  right  lines,  will 
kave  the  fame  common  ratio  fj  and  thirdly,  tliat  the  feries  thus  indicated  by  two  parallel 
light  lines,  fiippo(ed  to  move  laterally  without  changing.  eith<^r  their  mutual  diilance,  or 
paralleUfin  to  themfelves,  will  have  each  the, fame  common  ratio j  and,  in  all  pairs  o£ 
feries  indicated  by  (iich  two  hues,  the  ratio  betweeO'  an  antecedent  on  one  parallel  and  the 
•ppoGte  term  oa  tlie  other,  taken  as  a  cpnfequent,  will  be  conftant  %. 

5.  In  the  foregoing  paragraphs  the  logarithmic  line  has  been  confider«das  unlimited.  Oa> 
ftich  a  line,  therefore,  any  antecedent  and  confequent  being  given,  it  would  be  pofliUe  to 
£nd  both  oii  the  arrangement,  and  to  draw  two  parallel  lines,  one  over  each  numbers  and 
if  the  lines  be  then  fuppofed  to  move  without  changing  either  their  diftance  or  abfolute 
dtredion,  lb  that  the  line,,  which  before  nuurked  an  antecedent,  may  in.  the  fecond  ftatioa 

^  mark 

^  Let  AH,  CD,  £F  (Plate  XVL  Fig..  1.)  be  portions  of  the  Ibgurithmio  line  anvnged  acootding  to  the 
condition ;  let  GH  be  a  right  line  drawn  acrofs,  foat  to  pafs  through  pointi  of  divifion tf>  r,  a,  denoting  num* 
bert  in  geometrical  progreffion^  then  will  any  other  line  IIC,  drawn-  aciofk^the  aitangement,  alfo  pafs  through 
points/*  dt  d,  denoting mimbers  ingeometriGal  pcogrdiion. 

Dkmonst&ation.  From  one  of  the.ei(treme  points  of  bterfefUooy^  in  the  lail  named  line  IK,  draw  the 
fight  line/^  parallel  to  GH,  and  interfe^^ing  the  arrangement  in  the  points  1,  b^  and  the  ratios  of  the  num- 
bers €  ifpC  :  It  and  a :  b,  will  be  equal,  becaufe  theintervak  on  the  bgarithmicline,  or  differences  of  the  log»-^ 
ii(hm»  of  thefc  numbers,  ase  equal: 

Or  —  =  ^  and.  -  ac  -r^^ 
€        $  a.       b 

But  -  =  —  by  the  condition*.  « 

xucrcKurc   — =  T  >  or  the  nnmbcTt  A.f,  bf  are  in  diefirme  continued' rattb>at.tiie'Btttnber»^,.^,  ai 
i      -  a- 

Again,  the  point/,  the  line  id^  and  the  line  bh^  ase  in  arithmeucal  progreflion,  and  denote  the  differences  of 

the  logarithms  of  the  numbers/ and/,  /  &od  ^,  b  and  b. 

The  quottcnts  of  the  numbers  themfelves  are  therefore  in  geometrical  progreffion,  that  is,, 

d     h        f     db 


f 


Or  ■2=i  ^,.b]F fobftUqtIng  ~£otiu  eqnal «-. 

'     Whence  4= -roc/:'':^  Qi£.D^ 

d       a 

t  In  the  (ame  manner^  as  it  was  proved  that  the  line  fg  paralld  t»  GH'  pafles  through  points  of  dlTiCon 
tooting  numbers  in  the  fame  oo^tinued  ra$io  as  thole  indicated,  by  the  line  GH,  it  may  alio  be  (hewn,  that 
the  line  LM,  parallel  to  any  other  line  IK,  will  pafs*  througli  a  ftrierof  numeral,  points  hating  the  fiune  con* 
tinned  ratio  as  the  (eriet  indicated  by  that  Hne  KK.  to  which  it  is-parallel» 

X  Becaufe  the  tines  preferve  their  parallelifin  to  their  former  fituation,  they  ^ill  indicate  geometrkal  ieriea 
having  the  fame  comriSon  ratio  as  before }  and,  becaufe  their  diftaace  meafured  on  the  logarithmic  line  remains 
wnchanged,  the  differences  of.thc  logarithms  of  oppofitc  numben,.  and  confequendy  their  ratio,  wUl  be  confiant. 
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mark  a  new  antecedent,  the  other  (by  2.  and  3.)  will  mark  a  number'  at  the  fame  rela- 
tive poGtion  and  diflance,  which  will  be  the  confequent  to  this  laft  antecedent,  after  the 
fame  ratio. 

6.  Suppofe  a  logarithmic  line  to  contain  no  more  than  a  fingle  range  of  numbers^from  i 
to  10,  it  will  not  be  neceflary,  for  the  purpofes  of  computation,  to  repeat  it  j  for,  if  a  flidcr 
cr  beam  have  two  fixed  points  at  the  diftance  of  the  interval  between  i  and  10,  and  a 
moveable  point  be  made  to  range  between  thefe  (always  to  indicate  the  antecedent),  in 
this  cafe,  if  the  confequent  fixed  point  fall  without  the  rule,  the  other  fixed  point  will  (hew 
the  diyifion  it  would  have  fallen  on  if  the  rule  had  been  prolonged.  This  may  be'  eafily 
applied  to  the  arrangement  defcribed,  N^  4.  * 

7.  If  the  arrangement  confiit  only  of  the  logarithms  from  i  to  10,  and  the  parallel  crofs 
lines  interfe£l  that  geometrical  ferics  whofe  fucceffive  ratios  altogether,  with  that  of  the 
laft  to  the  firft,  make  by  compofition  the  ratio  tc,  the  contrivance  N^  6.  may  be  applied 
to  (hew  fuch  confcquents  as  fall,  laterally,  without  the  rule.. 

8.  It  will  be  convenient  that  the  arrangement  of  the  lines  (hould  1^  difpofed  fo  as  to  oc- 
cupy a  re(9;angular  parallelogram  \  or,  in  other  words,  that  the  crofs  line,  cutting  the  feries 
laft  mentioned,  may  be  at  right  angles  to  the  length  of  the  rule. 

The  conftru£tion  of  an  inftrument  on  the  principles  here  explained  will  admit  of  various 
difpofitions  of  the  graduated  lines  and  apparatus  for  meafuring  intervals  upon  them.  In 
the  TranfaAions  I  gave  a  figure  of  a  rule  confiding  of  ten  parallel  lines,  equivalent  to  a 
double  line  of  numbers^  upwards  of  twenty  feet  in  length,  with  a  beam  compafs  for  meafur- 
ing intervals. 

Fig.  2.  Plate  XVI.  reprefents  a  Guntcr's.  fcale,  equivalent  to  that  of  29^  inches  in 
length,  publiOied  by  the  late  Mr.  Robertfon*  It  is,  however,  but  one  eighth  part  of  the 
length,  and  contains  only  one-fourth  of  the  quantity  of  divifion.  In  the  Aider  GH  is  a 
moveable  piece  AB,  acrofs  which  a  fine  line  is  drawn ;  and  there  are  alfo  lines  CD,  EF, 
drawn  acrofs  the  ilider,  at  a  diftance  from  each  other  equal  to  the  length  of  the  rule* 
The  Ikctch  No.  1.  reprefents  one  face  or  fide  of  the  inftrument,  and  No.  2.  reprefents  the 
oppofite  face.  Each  contains  one-fourth  part  of  the  line  of  numbers.  When  it  is  ufed, 
the  Aider  muft  be  fet  fo  that  the  line  on  the  piece  AB  may  be  placed  at  ^he  antecedent, 
and  one  of  the  end  marks  CD,  or  £F,  may  be  oppofite  the  confequent.  After  this  ad- 
juftment  of  the  Aider,  the  whole  may  be  moved  at  pleafure,  till  the  piece  AB  is  fet  at  any 
other  required  antecedent ;  and  then  the  fame  line  CD  or  £F,  as  before,  will  indicate  the 
confequent  at  the  fame  diftance  or  pofition  as  before.  But  if  the  confequent  mark  of  the 
Aider  ftiould  fall  without  the  rule,  the  other  line  will  indicate  the  required  confequent  upon 
the  rule,  though  at  the  diftance  of  one  line  on  the  rule  farther  off  in  pofition  than  the 
other  confequent  mark  would  elfc  have  fliewn  it.  The  operations  are  obvious  and  familiar 
upon  the  rule  itfelf. 

Another  inftrument  was^  defcribed  in  the  Tranfafbions,  which  was  equivalent  to  the 
fame  rule,  but  of  a  circular'  figure,  one  inch  and  a-half  diameter.  The  graduations 
vrere  made  upon  three  concentric  circles,  and  a  fe£tor  was  applied  inftead  of  tlie  Aider. 
On  account  of  the  larger  figure  I  have  here  given,  it  becomes  unncccflary  to  defcribc 

this. 

I  approve 
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I  approve  of  this  conftruflion  as  fupcrior  to  every  other  which  has  yet  occurred  to  me, 
not  only  in  point  of  convenience,  but  likewife  in  the  probability  of  being  better  executed, 
bccaufe  fmall  arcs  may  be  graduated  with  very  great  accuracy,  by  divifions  transferred  from 
a  larger  original. 

1  he  circular  inftrument  is  a  combination  of  the  Gunter's  line  and  the  fedJor,  with  the 
improvements  here  pointed  out.  The  property  of  the  fc£lar  maybe  ufeful  in  magnifying  the 
diiFerences  of  the  logarithms  in  the  upper  part  of  the  line  of  fines,  the  middle  of  the  tan- 
gents, or  the  beginning  of  the  verfed  fines.  It  is  even  poflible,  as  mathematicians  will 
eafily  conceive,  ta  draw  fpirals,  on  which  graduations  of  parts,  every  where  equal  to  each 
other,  will  (hew  the  ratios  of  thofe  lines  by  means  af  moveable  radii  fimilar  to  thofe  on 
fucb  an  inftrument. 

After  the  publication  of  the  account  in  the  Tranfa£tions  of  the  Royal  Society,  the  men- 
tion of  circular  and  fpiral  inftrBments  brought  to  the  recolledion  of  the  late  Mr,  George 
Adams,  of  Fleet-ftrcct,  (who  had  feen  the  ftraight  inftrument  fomc  years  before  it  was  com- 
municated to  the  Society,)  that  he  had  a  fpiral  engraved  on  a  brafs  plate  by  his  father*  He 
made  me  a  prefent  of  the  plate,  and  (hewed  me,  by  a  manufcript,  that  it  was  conftruftcd  in 
the  year  1748.  The  fpiral  has  ten  turns,  and  its  external  diameter  is  twelve  inches.  It 
contains  the  numbers,  fines  and  tangents,  the  latter  being  twice  repeated,  and  may  with 
eafe  be  ufed  to  compute  to  four  places  and  an  efliraate  figure ;  which  is  to  the  full  as 
much  as  could  be  done'  with  a  common  Gunter's  fc^e  of  fixty  feet  in  length. 

Fig.  3.  Plate  XVI.  rcprefents  the  line  of  numbers  drawn  according  to  this  fyftem*  The 
feftor  ACB  is  ufed  %6  meafure  the  ratios.  One  thread  muft  be  fet  to  the  antecedent,  and 
the  other  to  the  confequent.  If  the  antecedent  thread  be  then  removed  without  altering 
the  angle  to  any  other  antecedent,  the  other  thread  will  mark  a  confequent  at  the  diftance 
of  the  fame  number  of  turns  of  the  fpiral  in  the  fame  direiSTion.  In  cafe  the  number  of 
turns  (hould  proceed  withei^t  the  fyftem,  it  will  be  neceiTary  to  return  and  reckon 
onward  from  the  oppofite  extremity  of  the  fpiral  to  complete  the  number. 
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IX. 

On  the  Mechanical  ProjeBs  for  affording  a  Perpetual  Motion. 


N  confequence  of  the  notice  •  taken  of  Mr.  Varley*s  attempt  to  produce  a  perpetual 
motion,  I  Ijave  been  requefted  by  fereral  Cortefpondents  to  ftate  how  far  the  mechanical 
fcheme  for  which  Dr.  Conrad  Shiviers  took  out  a  patent  in  the  year  1790,  for  the  fame 
obje£t,  may  be  worthy  of  attiention.  I  have,  on  that  occafionv  mentioned  the  difficulties 
which  have  prevented  any  clear  general  demonftration  of  the  abfurdity  of  this  purfuit  from 
being  produced,  though  it  has  not  been  difficult  to  fhew  the  fallacy  of  the  individual  plans. 
It  does  not  indeed  fecm  eafy  to  eminctate  the  fcheme  itfelf.  '  What  in  univerfal  terms  is 
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the  iliing  propofeil  to  be  done  ?  la  it  to  caufc  a  body,  or  fyftem  of  bodies,  to  aft  in  fucli  « 
Rianiier  that  the  rc-aflloii  dull  be  greater  than  the  action  itfel/,  and  by  thai  means  generate 
force  by  the  accumulation  of  the  furplus  ?  Or,  can  the  motion  communicated  be  greater 
than  that  lud  by  the  agent  ?  Since  thefe  pofitions  are  evidctitly  contrary  to  the  phyHcal 
axioms  called  the  Laws  of  Nature,  and  frictions  and  rcfiftances  would  fpcedily  dcftroy  :.ll 
motioiu  of  Gmple  uniformity,  it  may  be  prcfumed  that  s'Gravefandc,  who  thought  that  ail 
the  demonllrationG  of  the  abfurdity  of  fchemes  for  perpetual  motion  contained  paralogifni, 
would  have  ftated  the  propnfition  under  different  term!.  i(ut  without  entering  into  ibis  ap. 
parently  unprofitable  dil'quifition,  it  may  be  ufei^iil,  as  well  as  entertaining,  to  make  a  few 
obfervalionson  the  mechanical  contrivances  which  depend  on  a  miftaken  dcdudlion  from  the 
general  theorem  rcfpL-iIling  ibc  balance,  amonf;  which  that  of  Dr.  Shiviers  muft  be  claflcd. 

There  is  no  doubt  but  numerous  arrangements  have  been  made,  and  11111  are  laboured  at 
by  variuus  individuals,  to  produce  a  machine  which  fliall  polTefs  the  power  of  moving  itfelf 
perpetually,  notwilbftanding  the  inevitable  lofs  of  force  by  fiittion  and  refillancc  of  the  air. 
Little,  however,  of  thefe  abortive  exertions  has  been  entered  upon  record.  The  plans  of 
ISiftiop  Wilkins,  the  Marquis  of  Worceftct,  and  M.  Orfyreus,  arc  all  which  at  this  lime  oc- 
cur to  my  recollcetion. 

There  is  no  doubt  but  the  celebrated  WHlcins  was  a  man  of  learning  and  ability.  HU 
Effay  towards  a  real  character  and  a  philofoplucal  language  is  fuflicient  to  render  his  name 
immortal.  Twenty  years  before  the  appearance  of  that  work  he  publilhed  his  Mathema- 
tical Magic,  namely  in  the  year  1648,  containing  29;  pages  fmall  oftavo,  which,  from  tlic 
number  of  copies  ftill  in  being,  I  fuppofe  to  have  been  a  very  popular  treatife-  It  is  in  this 
work  that  I  find,  among  other  contrivances  for  the  fame  purpofc,  a  wheel  carrying  (ixtecn 
loaded  arms,  fimilar  to  that  deline.ited  in  fig.  4,  plate  xv.  in  which,  however,  for  the  fake  of 
fimplicity,  I  have  drawn  but  lix.  Each  lever  A  B  C  D  £  F  is  moveable  through  an  angle  of 
45°,  by  a  joint  near  the  circumference  of  the  wheel,  and  the  inner  end  or  tail  of  each  is 
confined  by  two  ftuds  or  pins,  fo  that  it  mull  either  he  in  the  direftion  of  a  radius,  or  clfe 
in  the  required  pofition  of  obliquity.  If  the  wheel  be  now  fuppofed  to  move  in  the  direftion 
EF,  it  is  evident  that  the  levers  ABC  D,by  hanging  in  the  oblique  pofition  againll  the  an- 
tecedent pins,  will  dcfcribe  a  lefs  circle  in  their  afcent,  than  when  on  the  other  fide  they 
come  to  defcend  in  the  pofitions  EK.  Hence  it  was  expefled  that  the  defcending  weights, 
having  the  advantage  of  a  longer  lever,  would  always  predominate.  Dr.  Wilkins,  by  re- 
ferring the  weights  to  an  horizontal  diameter,  has  fliewn  that  in  his  machine  they  will  not- 
A  popular  notion  of  this  refult  may  alfo  be  gathered  from  the  figure,  where  there  arc  three 
weights  on  the  afcending,  and  only  two  on  the  defcending  fide  ;  the  obliquity  of  pofition 
giving  an  advantage  in  point  of  number,  equal  to  what  the  other  fide  may  pofTefs  in  inteo- 
fity-  Or  if  this  contrivance  were  to  be  ilriflly  examined,  on  the  fuppofiiion  that  the 
Icvcra  and  weights  were  indefinitely  numerous,  the  qucllion  would  be  determined  by  (hew- 
ing that  tlie  circular  arcs  AK,  HI,  arc  in  equilibrio  with  the  arcs  AG,  GL. 

The  fimpleft  method  of  examining  any  fcheme  of  this  kind  with  weights,  confifts  in  en- 
quiring whether  the  perpendicular  afcents  and  defcenis  would  be  performed  with  equal 
mafTes  in  equal  times.  If  fo,  there  will  be  no  preponderance,  and  confequently  no  motion. 
TIus  is  clearly  the  cafe  with  the  contrivance  before  us. 
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The  Marquis  of  Worceftcr,  who  will  ever  be  remembered  as  the  inventor  of  the  ftcam 
engtnc,  had  defcribed  a  perpetual  motion  in  the  56th  number  of  his  Century  of  Inventions, 
publiflied  in  the  year  1655,  and  fince  reprinted  in  1767  by  the  Foulis's  at  Glafgow.  His 
words  were  as  foUow: 

'  "  To  provide  and  make,  that  all  the  weights  of  the  defcending  fide  of  a  wheel  (hall  be 
perpetually  further  from  the  centre  than  thofe  of  the  mounting  Gde,  and  yet  equal  in  num- 
ber, and  heft  to  the  one  fide  as  the  other.  A  moft  incredible  thing  if  not  feen,  but  tried 
tefore  the  late  King  (of  blefied  memory)  In  the  Tower  by  my  diredions,  two  extraordinary 
bmbafladors  accompanying  his  Majefty,  and  the  Duke  of  Richmond  and'  Duke  Hamilton, 
with  moft  of  flic  Court  attending  him.  The  wheel  was  14  feet  over,  and  40  weights'  of  50 
pounds  a  piece*  Sir  William  Balfour,  then  Lieutenant  of  the  Tower,  cin  juftify  it  with 
feverai  others.  They  all  faw,  that  no  fooner  thefe  great  weights  paffed  the  diameter  line  of 
the  lower  fide,  but  they  hung  a  foot  further  from  the  centre  $  nor  no  fooner 'pafied  the  dia- 
meter, line  of  the  upper  fide,  but  they  hung  a  foot'  nearer.  Be  pleafed  to  judge  the  con^' 
fequcnce.** 

Defaguliers,  in  his  courfe  of  Experimental  Philofophy,  vol.  I.  page  i85>  has  quoted 
this  pafiage,  and  given  a  iketch  of  a  pretended  felf-moving  wheel,  fimiiar  to  that  of  fig.  5, 
plate  XV.  as  .refembling  the   contrivance  mentioned  by  the  Marquis  of  Worceder.    The 
defcription  of  this  laft  engineer  agrees,  however,  fomewhat  better  with  the  contrivance 
fig.  4.    It'muft  of  courfe  be  amiftake  in  terms,  when  he  fays  the  wei^t  receded  from  the 
centre  at  the  lower  diameter^  and  approached  towards  it  &t.  the. Upper:    the  ;contrary 
being  in  fa£b  neceflary  to  afford  any  hope  of  fnccefs;  and  accordingly  in  the  quotation'  it  is 
fo  ftated.    I  am  therefore  difpofed  to  think  that  fig.  5  reprefents  the  wheel  of  Orfyteus  at 
Hefle  Caflel>  much  talked  of  about  the  year  1.710,  and  which  probably  was  made  to  revolve, 
during  the  time  of  exhibition,  by  fome  concealed  apparatus.     It  confifts  of  a  number  of 
cells  or  partition^  diftingiiiihed  by  the  letters  of  the  alphabet,  which  are  made  Wtween  the 
interior  and  exterior  furfaces  of  two  concentric  cylinders.    The  partitions  beiug  placed 
obliquely  with  refpeA  to  the  radius,   and  a  cylindrical  or  fpherical  weight  placed  on  each, 
it  Is  feen  from  the  figure,  that  thefe  weights  will  lie  againft  the  inner  furface  of  the  large 
cylinder,  whenever  the  outer  end  of  the  bottom  partition  of  any  cell  is  lowed  \  and  on  the 
contrary,  when  that  extremity  is  highed,  the  weight  will  reft  on  the  furface  of  the  interior 
cylinder.     Let  the  wheel  be  made  to  revolve  in  the  dire£lion  ABC;  the  weights  in 
C  ]!)  £  F  G  H I  being  clofe  to  the  external  circle,  and  the  weights  K  L  M  A  B  clofe  to  the 
inner,  for  the  reafons  laft  mentioned.    As  the  cell  B  defcends,  its  weight  will  likewife  run 
out,  at  the  fame  time  that  the  weight  in  the  cell  I  will  run  in,  in  confequence  of  its  par- 
tition being  elevated.    By  the  continuation  of  this  procefs,  fince  all  the  weights  on  the  de- 
.  fcending  Qdc  pafs  down  at  a  greater  diftance  from  the  centra,  while  thofe  on  the  afcending 
fide  rife  for  a  confiderablerpart  of  their  afcent  at;  a  lefs  diftance  from  the  fame  point,  it  is 
concluded  that  the  wheel  will  continue  to'malntain  its  motion.  On  this,  however,  it  is  tojbe 
remarked,  that  the  perpendicular  afceat  and  defcent  are*  alike,  both  in  raeafure,  and  in  time 
of  performance;  and  that  the  familiar  examination,  even  to  thofe  who  know;  litde  of  fuch 
fubjefls,  is  fufficient  to  (how  that  thepreponderance  is  not  quite  fo  palpable  as  at  firft  it  ap* 
pears.    Fpr  the  weights  G  and  F,  H  and  E,  I  and  D,  are  evidently  in  equilibrio,  becaufe  at 
the  fame  horizontal  diftance  from  the  centre  (  and  if  the  favourable  fuppofition  that  the 
Vol.  L«*-NovEMB£R  1797.  3C  ...   weight 
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weii^ht  B  hatJi  already  run  out  be  admitted,  it  will  then  remain  a  que(Hoii  whether  the(c 
two  exterior  weightSi  B  and  C,  can  preponderate  over  the  four  inner  weighta  K  L  M  A/ 
The  more  accurate  examination  of  this  particular  contrivance  will  lead  to  the  foirowlng 
theorem.  In  two  concentric  circles,  if  tangents  be  drawn  at  the  extreme  points  of  a  dia- 
meter of  tlie  fmallcr,  and  continued  till  they  interfedl  the  larger,  the  common  centre  of 
gravity  of  the  arc  of  the  greater  circle  included  between  the  tangents,  and  of  the  half  pc^ 
riphery  of  the  fmaller  circle  on  the  oppofite  (idc  of  the  diameter^  will  be  the  common  centre 
of  the  circles.  If,  therefore,  the  balls  were  indefinitely  numerous  and  fmall,  the  fuppofed 
effe£Uve  parts  of  the  wheel,  fig  ;,  would  be  in  equilibrio,  as  well  as  the  parts  beneath  the 
horizontal  tangent  of  the  inner  circle. 

fig.  6  reprefents  the  contrivance  of  Dr.  Shiviers,  which,  in  a  periodical  publkatioa^  In 
other  particulars  refpe3able,  has  been  faid  to  continue  in  motion  for  weeks»  and  eypi^ 
months  together.  There  is  not  the  fmalleft  prbbability  that  it  (hould  continue.in  naotioa. 
for  half  a  minute,  or  nearly  as  long  as  a  fimple  wheel  would  retain  part  of  its  fiffl:  impiilfe» 
The  externa]  circle  denotes  a  wheel  carrying  a  number  of  buckets,  AB  I  L„  &c.  C  repre- 
fents a  toothed  wheel,  on  the  fame  axis,  which  drives  a  pinion  D;  and  this  lad  drives  another 
pinion  £  upon  the  axis  of  a  lantliorn,  or  wheel  intended  to  work  a  chain  pump  with  the 
fame  number  of  buckets  as  in  the  large  wheel  A  B  I.  The  lanthorn  G  is  made  of  ftKh  a 
(ize  as  to  raife  the  buckets  a  b  i  1  with  a  due  velocity.  K  reprefents  a  gutt^t,  through 
which  a  metallic  ball,  contained  in  the  bucket  m  may  run  and  lodge  itfeif  in  the  bucket  A 
of  the  wheel.  Each  of  the  buckets  of  the  wheel  B I L  M,  which  are  below  the  gutter,  i^ 
fupplied  with  a  metallic  ball,  and  fo  likewife  are  the  afcending  buckets  abilm  of  the 
chain-pump.  As  tlie  pump  fupplies  the  wheel,  it  is  itfelf  again  fupplied  at  M,  where  the. 
balls  fall  into  its  afcending  buckets.  Now  it  is  prefumed  that  the  balls  in  the  whee^  I  fup-- 
pofe  on  account  of  their  diftance  from  the  centre  of  motion,  will  defcend  with  more  than 
fufficient  force  to  raife  thofe  on  the  chain,  and  confequently  that  the  motion  will  be 
perpetual. 

The  deception  in  this  contrivance  has  much  lefs  feduftion  than  in  the  two  foregomg,  be- 
caufe  it  is  more  eafily  referred  to  the  fimple  lever.  This,  like  the  others,  exhibits  no  profpeft 
of  fuccefs,  when  tried  by  the  fimple  confideration  of  the  equality  of  the  afcent  and  defcent 
in  the  whole  time  of  the  rotation  of  a  fingle  ball.  It  may  alfo  be  (hewn  from  the  prin- 
ciples of  wheel  work,  which  are  familiar  to  artifans,  that  whatever  is  gained  by  the  exceCi 
of  the  diameter  of  the  great  wheel  beyond  that  of  the  wheel  C,  is  again  loft  by  the  ezcefs 
of  the  lanthorn  A  beyond  the  pinion  E. 

The  fundamental  propofition  of  the  fimple  lever  or  balaiKc,  that  equal  bodies  at  an  equal 
diftance. from  the  fulcrum  will  equiponderate,  but  that  at  unequal  diftances  the  moft  remote 
will  defcend,  has  in  thefe  and  numbeflefs  other  inftances  led  mechanical  workmen  and 
fpeculators  to  purfue  this  fruitlefs  enquiry  with  labour  and  cxpence  often  il!-aflForded, 
and  with  a  degree  of  anxiety  and  infatuation  which  can  hardly  be  conceived  by  thofe  who 
have  never  fufFered  the  pain  of  hope  long  deferred.  For  this  reafon  chiefly,  it  has  appeared 
defirable  and  ufeful  to  treat  the  fubjeft  in  a  familiar  way,  without  defcending  to  thofe  cx- 
preffions  of  contempt,  which  ignorance,  harmlcfs  to  all  but  itfelf,  is  furely  not  entitled  to. 
If  fuch  reafoners  were  well  convinced  that  the  power  of  a  machine  is  to  be  eftimated  by 
the  excefs  of  motion  referred  to  the  perpendicular,  without  any  regard  to  the  apparent 

centre 
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Centre  of  the  machine,  and  that  in  machines  very  little  compounded  it  is  poflTible  to  pro* 
duce  effe^is  dire£lly  contrary  to  the  rule  which  is  true  of  the  Gmple  lever,  they  would 
probably  renounce  many  flattering  projects,  grounded  only  on  the  fuppofition  of  its  univer- 
ialtty.  Defaguliefs  contrived  an  apparatus  in  which  two  equal  weights  may  be  placed  9t 
^ny  di (lance  whatever  from  the  centre  of  motion^  and  dill  continue  in  equilibrio.  Fig.  3 
reprefents  this  inftrument,  AD  denotes  a  balance  with  equal  arms,  and  EF  another  of  the 
iame  dimenfions.  Thefe  move  on  the  centres  B  and  C,  and  are  conneded  by  the  inflexi- 
ble rods  A£  and  DF ;  the  motion  being  left  f^ee  by  means  of  joints  at  the  corners.  Acrofs 
the  rods  AD,  EF,  are  fixed  two  bars  IK^  LM.  Now  it  is  unneceflary  to  (hew  that  the 
weight  G  will  defcribe  exa£Uy  the  (kme  line  or  circular  arc,  when  the  levers  are  moved  into 
the  pofition  a  d  f  e,  or  any  other  pofitlon,  as  it  would  have  defcribed  in  cafe  it  had  been  fuf- 
ponded  at  A,  or  K>  or  £ ;  and  that  it  is  of  no  CQnfequence  in  this  refpe£t  at  what  part  of  the 
fine  AE,  or  IK,  it  be  fixed.  The  fame  obfervations  are  true  of  the  weight  II  on  the  other 
fide.  And  accordingly  it  is  found,  that  thefe  equal  weights  may  be  fufpended  any  where 
on  the  lines  IK  and  LM  without  altering  their  equilibrium. 

^    By  this  contrivance  it  is  mofl;  evidently  proved,  to  thofe  who  are   totally  unacquainted 
with  the  theory,  that  weights  do  not  preponderate  in  compound  engines,  on  account  of  their 
diftance  from  the  centre.    Several  otThcr  contrivances  may  be  made  to  the  fame  tStO,,   The 
following  combination  of  wheel-work  prefented  itfelf  to  me  as  one  which  would  moft  probably 
be  miftaken  for  a  perpetual  motion.     Fig.  2.  Plate  XV.  The  five  circles  reprefcnt  the  fame 
number  of  wheels,  of  equal  diameter  and  number  of  teeth,  a£ling  together.     The  middle 
wheel  A  is  fixed  between  two  upright  pillars,  fo  that  it  cannot  revolve.    The   otlier  four 
wheels  are  pinned  in  a  frame  ^I,  in  which  they  can  revolve,  and  through  which  the  axis 
of  A  likewife  paflfes.    From  the  extremity  of  the  axis  of  D,  and  alfo  of  d,  proceed  the  ho- 
rizontal levers  HK  and  IL,  which  are  equal,  and  point  in  the  fame  diredion  parallel  to  the 
^lane  of  the  wheels.     At  the  extremity  of  thefe  arms  hang  the  equal  weights  P  and  p. 
Let  it  now  be  imagined  that  the  end  I  of  the  frame  is  deprc(red  \  the  wheel  B  will  turn 
round  by  the  re-a£lion  of  the  fixed  wheel  A  in  the  fame  diredion  as  HI,  and  it  will  make 
one  revolution,  in  the  fame  time,  relative  to  the  frame,  or  two  with  regard  to  abfolute  fpace 
by  reafon  of  its  being  carried  round.    The  a£lion  of  B  upon  D  will  produce  a  rotation  re- 
lative to  the  frame  in  the  oppoGte  direction  during  the  fame  time.    Inftead  therefore  of 
two  revolutions,  like  the  wheel  B,  this  wheel  D,  with  regard  to  abfolute  fpace,  will  not  re- 
volve at  all,  and  in  every  pofition  of  the  apparatus  the  arm   IL  will  continue  horizontal, 
and  point  the  fame  way.     For  fimilar  reafons  the  arm  HK  will  retain  its  pofition.     Con- 
fequently,  it  is  feen  that  the  defcending.  weight  will  move  at  a  great  horizontal  dillance  from 
the  centre  N,  while  the  afcending  weight  rifes  very  near  that  centre.     But  there  will  not 
on  this  account  be  a  perpetual  motion  :  for  the  a£tions  of  the  levers  HK  and  IL  upon  the 
frame  HI,  by  means  of  the  toothed  wheels,  will  in  the  detail  be  found  precifely  alike,  and 
in  the  general  confideration  of  the  motions  of  P  and  p,  the  oppofite  motions  in  the  circle 
E  F  G  will  be  accurately  the  fame. 

It  has  always  been  confidered  as  eflential  to  a  perpetual  motion,  tliat  it  (hould  be  derived 
from  fome  energy  which  is  not  fuppofed  to  vary  in  its  intenfity.  Such  are  the  inertia,  the 
gravity  or  magnetifm  pf  bodies.  For  an  occafional  or  periodical  variation  of  intenfity  in 
any  force  is  evidently  produAive  of  motion,  wrhich  requires  only  to  be  accumulated  or 
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applied)  and  the  apparatus  for  applying  It  cannot  be  confidered  as  a  machine  for  perpgtiwl 
motion.  Neither  in  iiri£^nefs  can  any  machine,  whofe  motion  is  derived  from  the  motidii 
or  rotation  of  the  earth,  and  the  confequent  change  of  feafons  and  rot^Uion  of  erents,  be 
fp  confidered,  becaufe  it  does  not  generate,  but  only  communicates*  The  perpetual  flow  of 
rivers,  the  viciflitudes  of  the  tides,  the  con (lant,  periodical  and  variable  winds,  the  ezpanfiong 
and  contra£ltons  of  air,  mercury,  or  other  fluids,  by  daily  or  other  changes  of  temperature,  the 
diflkrences  of  expanfion  in  metals  by  the  fame  change,  the  rife  and  fall  of  the  mercury  ifi 
the  barometer,  the  hygrometric  changes  in  the  remains  of  organized  beings,  and  every  odier 
mutation  which  continually  happens  around  us,  may  be  applied  to  give  motion  to  ttAlUy 
clocks,  and  other  engines,  which  may  be  contrived  to .  endure  as  long  as  the  apparatus 
retains  its  figure. 


'* ' 


X. 

Vjeful  Notices  reJfeHing  varms  OhJeBs. — Stiver  alloyed  with   Crude  Platitia. — Tempering.^ 

Steel.— Rifled  Shot. 


I.    Silver  alloyed  with  Crude  Plaiiha, 
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ERGMAN,  in  his  Treatife  on  the  Blow-Pipe,  in  one  of  the  earlier  editions,  direfjfal 
that  th^  fpoon  for  blow-pipe  experiments  ihould  be  made  of  filver  alloyed  with  one  tenth  ot 
platina,  of  which  the  purification  was  at  that  time  little' l^nown.  Dr.  X^wis,  in  his  Philo- 
fophical  Commerce  of  Arts,  mentions  the  fuGon  of  filver  with  crude  platina.  The  metali 
united  but  imperfeflly,  with  a  remarkable  proje£lion  of  particles  of  the  metal,  as  if  by  a 
kind  of  ebullition  over  the  infide  of  the  crucible*  Several  years  ago,  being  defirous  of 
making  fuch  a  fpoon,  I  feleAed  ten  grains  of  crude  platina,  in  particles  pofTeflin^  very 
little  magnetifm,  and  fufed  the  fame  with  one  hundred  grains  of  pure  filver  in  a  bla/t  itxt* 
nace,  ufing  a  large  proportion  of  nitre,  with  the  intention  of  fcorifying  any  of  the  bafer 
metals*  TheefinsA  which  Lewis  mentions  took  place  \  and  the  compound,  when  pbiired  out, 
had  a  fcabrous  or  unfound  appearance*  I  thought  the  grains  of  platina  might  have  been 
merely  furrounded  by  the  adherent  filver  *,  but  this  did  not  feem  to  be  the  cafe,  for  it  bore 
laminating  between  two  fteel  rollers  very  well.  After  this  laft  procefs,  I  fubjeQed  it 
to  fufion  again  with  a  ilronger  heat,  and  again  laminated  it  into  a  thin  plate.  This 
operation  of  fufing  and  rolling  was  repeatedly  performed,  but  ftill  the  nietal  appeared 
rough  in  certain  parts  of  the  furface.  As  a  laft  eflfort,  I  therefore  expofed  it  to  the  m6ft 
violent  heat  I  could  urge,  and  determined  to  leave  it  to  cool  in  the  crucible  beneath  the 
nitre  which  flowed  above  it.  llie  crucible  in  the  ignited  ftate  was  taken,  from  fomc 
motive  I  cannot  now  recolleft,  to  a  window,  and  fet  down  upon  a  tile.  As  I  ftood  atten- 
tively obferving  the  appearance  of  the  metallic  globule  through  the  trahfparent  and  tran- 
quil bath  of  nitre,  the  ignition  gradually  went  ofF,  fo  as  to  be  fcarccly  vifible  in  that  clear 
light.  But  on  a  fudden  it  recovered  itfelf  in  an  inftant,  and  the  nitre  boiled  up  fo  as  to  fill 
the  vacant  fpace  of  the  crucible.     The  button  of  metal,  when  cooled,  was  fcabrous  ;  but  I 

4  xieverthelels 


ItcfCuHiglefs  fbrmed  it  iQto  a  fpoonut  by  roIHng,  hommering,  znA  afterwards  policing  ii. 
'!lt 'was  tfatn  "expofed  to  a  low  red  heat,  in  a  common  firej  and  became-bliftered  all  oyer. 

The  abdre  fads  pofiefs'the  utility  which  attends  u&fucceisftil  expttiments,  namely,   that 
the  tiarrtitioh  may  fa?t  «^hets  from  a  repetition  ef'Aelsftoitf;  B^t,^lk>fojAicafflfrpc4kingv 
there  are  no  new  experiment -wfaieh  would  lie  onfocosfsfnlif  we  ihoroughlyundef  ftood  them* 
I'thrndc^e  decay  and  te^orery  of  igiiitioir  ia  this  is  »  curious  tnftance  of  what  feems  to  be  a 
general  hw  of  the  congelation -of  Sidds*    It  is-pcobable'that  nil  S^iids,  as  well  as  water,  are 
capable  of  btftngdooled  Mow  tkelr^jfeezingpoiDty  flind  afterwards  become  hotter  by  the 
efcape  of  latent  heat  when  they  congeal.     Thus  water  cooled  below  3Z  degrees  is  fuddenly 
ralfed  fo  ith^t^tlfmperfatiHre  t^Mkrlt' ice  k  formed  becaufe  the  icegiTes  out  the  difference 
of  the  heat  which  was  latent  in  fhe  Suid  ftate.     And  fi>  it  appears  to  have  happened  with 
the  fluid  metallic  compound  in  thelc  experiments.    As  its  temperature  was  diminiihed,  it 
befcame  lefs  luminous  or  ignited.^  bat  j  at  fte  inftkntrf congelation j  that  portion  of  heat  which 
had  been  employed  in  maintaining  the  #uid'ftate,  Was  extricated,  and  became  employed  in 
rkifing  the  temperature.     The'  cfficd  of  thisincceale-  was  Cten  in  the  greater  enufDoa  of  lightj^ 
and  the  boiBng'ctf /the  nitre- 
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'*ltfSTRUMENT&  of  fteel  ate  required  to-be  hard,  in  order  that  they  may  penetrate  ami 
divide  the  fubftanccs^  intfetidcd*td  bedut  •,.  atW  tenacious,  that  they  may  not  break  during  the 
operation.  The  hardeft  (led  is  the  moft  brittle^  for -which -reafon,  though  hardnefs  would 
in  every  cafe  be  a  defirable  quality,  yet,  for  the  fake  of  tenacity,  it  is  in  many  in(lances> 
neceflary  to  diminifh  it.  We  fee,  therefore,  that  there  muft  be  a  precife  mean  between 
t6o  foft  ^hd  tod  brittle,  whiHi'  #iU  be  b^ft  fuitddibr  the  refpedive  parpofes  to  be  ac- 
complilhed.  A  fpring  mud  be  tenacious,  and  need  not  be  ^ery  hard.  A  knife  for  cutting 
leather^  and  foft  fubfVances,  muft  be  fomewhat  harder  than  a  fpring.  Penknives  and"^ 
»zors  muft  be  ftill  harder;  and  files  add  tools  for  working  metal  muft  be  har<^ft  of  all^ 
though  even  in  diefe  care  1  muft  be  takeni.xtot'to  deftroj  their  tenacity  by  makingithem  too* 
hard.  Steel  is  hardened  by  ignition,  and  fubfisquent  plui^ng  in  water.  The  cluef  art  of 
this  procefs  confifts  in  covering  the  fteSel  withfomie  mixtinre,  which  fliall  prevent  its  being: 
degraded  in  the  fire  to  the  ftate  of  iron.  The  file-makers:  ufe  .the  grounds.  o£.beer  mixed 
with  common  fait.  Others  ufe  the  cementing  mixture.,  No  gnewter.Jieat  is  to  be  ufed^ 
with  any  fteel,  than  by  experience  is  found  fuSicient  to  produce  hardnefs.  at  leaft  equal  to* 
that  of  a  file.  Mpre  heat  would  xender  the^gcain  coarfQ.aqd  open.  Urine  i&thoqght  to  be 
better  for  quenching  the  fteel  than  water,  probably  becaufe  it  Qiay  be  a  better  condudor  of 
heat,  and  perhaps  on  account  of  its  ph9fphoric  ingredient  which,  is  now  .with  juftice  fup- 
pofed  *  to  be  an  eflential  part  of  fteel.  When  fteel  is  lAPit  intended  to  poifefs  the  utmofl: 
hardneCs,  it  is > afterwards  foftened  by  the 'applicMiQax>£. a  lower  degree  of  heat.  This- 
operarion  is  called  tempering.  The 'greateft- difficulty  confifts  in  applying  the  proper  de* 
gree  of  heat  uniformly  over  the  whole,  ma&r  The.  commpu  method  is  to  judge  by  the 
liolour  aftumed  by  the  clean  furface  of  the  fteel  when  thus. heated.  The  heat  may  he  ap- 
filed  by  the  fire,: or  a  pan  of  chareqal,  or  the  Aame  «£  a)X?andle:orJampj.w..by  laying,  the 
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piece  upon  fand  to  be  gradually  heatedi  or  upon  melted  lead.  The  faw-malcer3»  ami  Qmt 
makers  of  fpringSj  heat  the  article^  rub  it  with  greafe,  and  then  heat  it  ftill  farther  till  the 
fumes  take  fire  i  this  is  called  blazing,  and  affords  a  temper  nearly  the  fame  as  when  the 
fteel  by  heat  has  acquired  a  deep  blue  oolourr  When  the  temper  is  given  from  the  colour, 
the  firft  tinge  which  appears  is  a  faint  ftraw  cplour,  which  is  fuitable  to  pen-knives  and  bard 
cutting-tools*  The  next  colour,  which  is  purpl^  is  rather  too  foftfor  a  knife,  and  too  brittle 
for  a  fpring.  After  this  follows  the  blue,  of  which  there  are  feveral  (hades.  Th^  deepeft 
is  very  foft,  and  is  fucceeded  by  a  whitifh  yellow,  which  indicates  top.  great  a  degrc;e  of  Toft* 
nefs  for  any  cutting^tooL 

Mr.  Hartley,  in  the  year  1789,  took  out  a  patent  for  a*  method  of  tempering  fteel.  His 
fpecification,  which  is  fo  general  as  perhaps  to  include  no  mediod  at  all  in  the  way  of 
monopoly,  indicates  that  the  heat  is  to  be  meafured  by  a  pyrometer  or  thermometer  ap* 
plied  near  the  article.  The  a^ual  praAice  of  this  method  appears  to  conGft  in  ufing  pil  and 
a  mercurial  thermometer.  In  tliis  way  many  dozens  of  razors  or  tools  may  be  tempered  at 
once  with  the  utmoft  facility.  The  different  degrees  of  heat  for  various  kinds  of  fteel,  and 
their  feveral  ufes,  may  fpeedily  be  determined  by  experiment.  For  want  of  a  thermometer 
graduated  to  the  higher  degrees,  I  have  not  yet  made  any  experiments.  The  only  h€t  I 
have  at  prefent  to  communicate  is,  that  Mr.  StodariT,  who  ufes  this  method,  ftates  that  the 
rcquiCte  temper  on  fteel  for  a  pen-knife  is  450  degrees  of  Jahrenheit's  fcale  *•  1  find,  on 
trial,  that  a  good  pen-knife  is  as  hard  as  any  tool  which  can  admit  of  temperpg.  Hard 
gravers,  for  turners*  ufe,  muft  not  be  foftened  at  all. 

3.  Rifled  Sb(ft. 

IN  the  latter  end  of  the  year  1789,  I  was,  by  various  confiderations,  indued  to  think, 
that  the  effect  which  is  produced  by  rifling  mufquetry  might  be  produced  in  artillery  by 
giving  a  fuitable  figure  to  the  (hot.  It  is  almoft  needlefs  to  explain  this  effe£l.  When  a 
bullet  is  driven  along  the  bore  of  a  piece,  it  muft  be  a£led  upon  by  the  internal  furface  fo  as 
to  caufe  a  rotation,  the  axis  of  which  motion  will  lie  acrofs  the  line  of  dire£kian*  ?  Ihoon* 
fequence  of  this,  the  re-adion  of  the  air  will  be  ftronger  on  one  fide  of  the  bullet  than 
on  the  other,  and  it  will  deviate  from  the  intended  courfe  according  to  no  certain  julc. 
The  method  of  rifling  confifts  in  cutting  one  or  more  fpiral  grooves  in  the  hollow  furface 
of  the  mufquet,  into  which  the  ball  is  either  forcibly  rammed  down,  or  elfe  conveyed  to  its 
place  by  an  aperture  at  the  breach,  or  near  the  chamber.  The  lead  is  thus  made  to  fit  the 
internal  fere w,  and  ufually  takes  about  half  a  turn  during  its  courfe  through  the  barrel. 
The  axis  of  this  rotation  being  parallel  to  the  line  of  diredion,  it  muft  follow  that  the 
refiftance  of  the  air  will  be  equal  on  all  fides  of  the  bullet,  and  it  will  fly  with 
more  certainty  to  the  objefl:  of  aim.  It  feemed  to  me,  that  if  a  cylindrical  (hot,  with 
hemifpherical  ends,  were  thrown  out  of  a  common  barrel,  it  might  be  poffible,  by  means 
of  certain  fpirals  cut  on  the  end  furface,  to  caufe  the  blaft  of  the  powder  and  the  refiftance 
.of  the  air  to  concur  in  producing  the  fame  rotation.  • 
*  For  this  purpofe  I  took  a  wooden  pattern,  and  cut  the  fphcrical  furface  into  twelve  fpiral 
planes,  by  dividing  the  equator  into  the  like  number  of  equal  parts,  and  drawing  fpirals  from 
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fte  points  of  divifion  obliquely  towards  the  poles.  The  wood  betwden  every  pair  of  coi\tN 
guoiis  fpirals  was  then  taken*  away,  by  cutting  from  the  one  line  parallel  to  the  axis,  and 
from  the  other  perpendicular  to  a  plane  paffing  through  it.  By  this  procefs,  when  the 
ajth  was  fet  upright/ there  appeared,  as  it  were,  twelve  roads  floping  upwards  from  the 
equator  towards  the  pole,  bounded  on  the  Me  next  the  wood  by  upright  walls ;  and  the; 
fhofy  wheti  fufpehded  on  an  axis  or  centre  pointy  could  be  blown  round  very  fwiftly  by  the 
Brtfatli  direfted  towards  the*  pole. 

Shot  of  this  kind  were  made  and  tried  at  a  feundery  in  North  Wales.  By  an  experi- 
ment with  a  brafs  gun  newly  bored,  it  was  afcertained  that  the  (hot  did  really  revolve  in  its 
courfe  along  the  bore ;  but  the  trials  with  (hot  of  different  weight  and  dimenfions  did  not 
promife  more  accuracy  of  efied:  than  was  obtain^  by.  common  fpheriqd  fliQt  ufe4  at  the 
fame  time.  Particular  notice  was  taken  of  the  manner  in  which  the  (hot  ftruck  the  butt : 
the  greateft  number  of  times,  it  ftruclC  With  the  anterior  end ;  fometimes  the  ftroke  was 
made  ^\tYi  the  brOad  fide,  <  4nd;  in  afew  inft'anccs,  the  end  which  came  lad  out  of  the  gun 
arrived  (irft  at  the  >iurk:  Hence  it  appears,  that  the.  very  flight  angular  deviation  at  the 
mouth  of  the  piece  i&  more  than  fufficient  to  counteraA  any  effe£l  which  might  elfe  have 
been  tierived  from  the  fubfequent  aSion  of  the  air  upon  a  projedile  duly  figured. 

It'feems,  neverthelefs,  that  this  principle  might  be  applied  to  advantage  in  bar  (hot.  If 
the  end9  <tf  this  projectile  were  chamfered  or  floped  with  refpe£l  to  the  axis,  it  would  pafs 
through  die  air -with  'a-revirfution  ctf  its  extremities,  inftead  of  one  end.  following  the  path 
-^f  the  ^her,  at  mayn  fom^inKfr  be  fuppofed  to  happen. 

'  Wifh  regard  to  the  execrable  pra&ice  of  \^aib  I  think  it  a  decided  queftion,  that 
inereaft  of  power  is,  on.  the  whole,  in  favour  of  r^dlitude  and  viftue  ^  and  that  wars  are 
likely  to  be  fewer,  lefs  durable,  and  lefs  pernicious,  the  more  fcientifically  they  are 
€ondu£led« 
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MATHEMATICAL    CORRESPONDENCE. 

Question  IX.    Anfwered  by  J.  i«'— :— : — :— ie. 

JcN  order  to  a  fofution  of  this  problem,  we  have  only  to  find  the  point  in  the  plane  of  the 
horizon,  which  is  perpendicularly  under  the  elevated  objcA  ;  the  diftances  of  which  point 
from  the  three  ftations  are  as  the  cotangents  of  the  angles  of  elevation  taken  at  each  re« 
fpeftively.    This  will  be  efie£ted  by  the  following 

CONSTHUCTIOK. 

•    ■ 

LET  A,  B,.and  C  be  the  three  ftations  (Plate  XV.  Fig.  i.)  and  a,  by  and  c  the  cotan- 
gents of  the  refpe£live  angles  of  elevation  taken  at  each.  Produce  AB  and  CB  towards 
E  and  F,  and  make  BF  =  BA,  and  BE  =  BC.  Take  FG  to  FB  as  c  to  *,  and  EG  to  EB 
as  a  to  by  and  about  the  centres  F  and  £  with  the  refpe£live  radii  FG  and  EG  defcribe 
arcs  intcrfeaing  in  G.  Draw  FG,  BG,  EG,  and  in  GB  produced  take  BD  to  AB  as  BE 
to  BG.    I  fay  the  point  D  is  the  required  point  in  the  horizontal  plane* 

For, 


V 


3l4  M€tih$lKUtAcd  CifrtJ^niinii. 

Wur,  itvw  AS  tnA  CD*«i>Then  the  triaoif^  GB£  being  fiouUr  to  ABD,  apd  Off^  %% 

CBD,'we  hwe  AB  (  =  FB):  j  AB  (  ?=  FG) ::  i  :  f ::  BD  :  CD  and  BC  (  =  BE)  :|  BC 

(  «s  EG)  j :  1 : 0  ::  BD :  AD.    Therefore  AD,  BD  and  CD  beiqg  .^>i*.j»,  ^t^..e  vSj^ 
lively,  the  point  D  is  rightly  found.    iQj^E.  D,  .  i-r  .-.''!  .i.«,..., 

Hence  alfo,  if  with  AD  (:  AB  :r£G:  BG)  and  CD<:C33::FG  :  BG)  a»  radii,  aroi 
bedefcribed  about  A  and  C,  they  will  interfe£k  each  othet,  and  eujbi  of  .tihjBm  wjU  in- 
terfefb  GB  prodnoed  in  the  teqmred  point.  -  .         ? 

f  ' 

CALCUtATIOK* 

FROM  the  values  of  FB,  B£>  FE^  FG,  and  £G,  fipd  jBQ  tri£oppiq^tck%>  an^ 
thence  ADj  BD,  or  CD« 

THIS  queftion  was  anfwered  inneatlf  the  fame  manner  hj  Analtticus,  who  obfervesy 
that  if  the  three  ftations  are  at  unequal  diftances  from  the  objeA,  its  apparent  altitude  will  ^ 
vary  at  each  of  them,  accotding  to  the  efieft  of  refra£Uon,  and  of  coiirfe  occasion  a  three* 
fold  error  intherefult;  which  may  be  avoided  by  taking  the  ftations  fo  that  the  angles  of 
elevation  fhall  be  all  equal,  in  which  cafe  a  fingle  refraftion  only  will  be  conoercied,  which 
indeed  is  (uffioient  to  render  this,  or  any  other  fimilar  method  of  determining  the.heights  of 
terreftrial  objeAs,  very  inaccurate*  If,  befides  the  angles  of  elevation,  tfaofc'  fonpcd  by  the 
bafe  andhypothenufes  drawn  from  each  extremity  of  it,  to  the  itop  of  the.oh)c;^»ibe  :^en, 
there  is  no  occaGon  for  more  than  two  ftations  \  which  being-chofen.in  Icts,^  in  the; w;ay  laft 
fuentioaedj  will  enable  us  to  afcertain  the  difference  ^f  refra&bnat  diflsrent  diftancM* 
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ARTICLE    I. 

Renaming  tie  Spontani§us  jtffion  9/ Conctntrated  Sulpburie  Addon  Vegetable  emi  AninuA  M» 
Jlances  i  tts  ABkn  upon  Alcohol^  and  the  Formation  of  Ether.    Bj  CUfmem  FOVMCMT  and 
Vau^elin. 


I 


T  has  been  long  known  that  the  concentrated  fnlphttric  acid  deftroys  the  texture  of  or- 
ganic matters,  by  converting  them  into  coal,  in  confeqoence  of  an  a^^ion  which  relemblet 
that  of  an  elevated  temperature ;  but  this  adion  has  not  yet  been  properly  explained,  fo  as  to 
determine  in  what  it  may  confifti  or  the  produAs  it  affords.  The  ancient  theory  of  che* 
miftry  attributed  this  cSt€ty  in  a  loofe  manner,  to  the  affinity  of  phlogifton  for  the  fulphuric 
acid,  and  was  content  to  compare  it  to  combuftion.  The  authors  of  the  pneumatic  theory 
difcemed  fome  of  the  data  of  this  phenomenon,  and  arrived  fomewhat  nearer  the  truth : 
but  they  did  not  comprehend  the  whole.  They  have  even  committed  fome  miftakes,  doubt« 
lefs  becaufe  they  did  not  ftudy  all  the  details  of  this  remarkable  a£lion,  nor  obferve  with 
fufficient  care  every  thing  that  pafles  in  the  fubje£ts  of  the  experiments.  My  aflbctate 
Vanquelin  has  long  been  employed,  in  conjun£tion  with  myfelf,  upon  various  methods  of 
analyfing  vegetables ;  and  having  fubmitted  a  great  number  to  the  energy  of  the  principal 
re-agents  among  which  the  acids  occupy  the  firft  rank,  a  long  ftudy  of  the  i£k\on  and 
curious  cfTccls  of  ^he  concentrated  fulphuric  acid  has  led  us  to  difcover  what  had  hitherto 
efcaped  the  obrervation  of  chemiils  refpefling  its  manner  of  action  upon  organic  fubftanccs. 
Though  the  refult  of  our  enquiries  in  this  rerpe<fl  belongs  dire^ly  to  the  vegetable  analyfis, 
which  we  ihall  offer  to  the  fcientific  world  as  foon  as  our  labour  (hall  have  acquired  all  the 
maturity  we  are  defirous  it  (hall  poflefs,  we  have  n^verchelefs  thought  proper  to  detach  this 
(mall  part,  becaufe  it  appears  worthy  to  intereft  the  cultivatorsof  chcmiftcyf  juid  at  tbcfiime 
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time  proper  in  fomc  rcfpeift.i  to  explain  and  ameliorate  their  daily  proccfleii  ptrticularif 
thofe  which  relate  to  feveral  pharmaceutical  x)peration8. 

"V^'I.en  a  dry  vegetable  fubllancc,  fuch  as  wood,  ftraw,  or  gum,  is  plunged  in  the  concen- 
trated fulphuric  acid>  this  matter  becomes  coloured  and  foftj  appears  to  dxflblve  in  the  acidf 
and  forms  witli  it  a  magma  or  kind  of  browa  or  black  imperfe£lly  fluid  matter,  well  known 
to  every  chemifl  as  the  producl  of  their  experiments.  Ifj  after  die  mutual  a^ion  of  thefe 
bodies  is  exhauded,  the  mixture  be  diluted  with  a  fufficient  quantity  of  water,  two  pheno* 
mena  equally  intcrcding  are  obferved.  The  one  is  the  precipitation  of  a  black  powder^ 
poiTf ^uig  all  ihc  cha(a<^ers  of  carbone  nearly  pure  \  the  other  is  the  flight  degree  of  heat 
*whith  the' mixture*  produces  with  the  water.  It  is  far  beneath  the  temperature  which  an 
equal  quantity  of  the  fulphuric  acid,  originally  employed,  would  have  exhibited  with  a  like 
quantity  ef  water. 

The  vegetable  matter  is  certainly  much  altered,  and  has  undergone  a  great  decompofition 

in  this  experiment  \  (ince  the  carbone  which' entered  into  ks  compoGtion  is  feparated,  rttzxXj 

pure,  from  the  other  principles  with  which  it  was  combined.     It  is  well  proved  at  prefent^ 

that  vegetable  fubftances  are   compofed  of  carbone,  hydrogene,  and  oxygene  united  i» 

various  proportions,  and  rcmaitiing  in  a  conftant  equilibrium  of  compc^tion,  fa  long  as  ne\r 

attractions  do  not  come  to  deflrdy  it.  In  the  prefent  cafe  the  equilibrium  is  mauifeftly  broken^ 

becaufe  the  carbone  is  feparatcd  from  the  two  other  principles.     It  was  at  firft  imagined^ 

and  in  this  manner  it  is  that  Citizen  Berthollet  has  particularly  determined  the  caufe  of  this 

phenomenon  in  fcvcral  of  his  work^,  namely,  that  the  hydrogene  of  the  vegetable  fubftance 

•\liitcd  with' the  oxygene  of  the*  fulphuric  acid,  and,  by  thus  fogming  water  and  fulphi}reo|i» 

^  acidy  the  'caf}>omc  principle  was  feparatcd  and  thrown  dowiu     We  have  ourfclyes  adopted 

and  admitted  tlie    fame  explanation,   until   repeated   experiments  fhcwed.us.t^ti  ihis 

opinion  is  erroneous.     In  faft,  in  the   cafe  here  mentioned,  and  obferved  for  a  gifiat 

•-jufinberof  timte.witb'the».iHmoft.,i^texnion  aAd  care,  we  have  not  perceived  that  ^ivamn 

k'xA  fuIphureotM  aoid  was  produced,  hut  that  the  fulphuric  acid  remains  entire  withojiit  any' 

<  alteration  or  change  in  the  proportion  of  its  condituent  parts.    Since,  tl^reforc,  this  acid  is 

'  not  decompofed  in  the  cold  by  vegetable  matters,  it  is  neceflary.to  conclude,  that  the  changes 

'  produced  in  idk>fe  bodies  arc  the  confequence  of  a  re-a£lion  between  their  proper  principles; 

"  a  re-a&ion  .of  which,  the  fulphuric  acid  is  only  the  occafional  or  fubfidiary  caufew 

But  in  order  to  determine  by  .what  energy  this  acid  produces  fuch  an  alteration  m  re* 

-getable  matters,  it  is  .requifne  to  examine  with  accuracy  what  the  alteration  may  confift  in; 

and  this  examination,  to  which  we  have  a  great  number  of  times  diredicd  our  attention^ 

has  (hewn  the  error  adopted  with  regard  to  the  pretended  decompoGtion  of  the  acid,  ands 

the  true  caufe  of  the  changes  thus  produced  inorganic  bodies.     "When  the  carbonic  gre* 

ctpit^te^  of  the  experiment  above  defcribed  is  feparated,  it  is  found  that  the  fulphuric  acid 

which  floats  above  it,  is  (ingularly  weakened,  and  contains  the  acid  of  vinegar,  which  may 

be  feparated  by  diftillation.     Here  therefore  we  fee  the  vegetable  matter  converted  ii^to 

acetous  acid  and  carbone.,.  If  the  quantity  of  this  laf),  together  with  that  of  the  vinegar,  be 

•    compared  with  the  quantity  of  vegetable  matter  employed,  a  coiiOderabie  lofs  is  perceived 

'■  in  the  mafs  of  thefe  products,  compared  with  that  of  the  fubflance  which  aflbrded  them. 

Nothing  can  have  been  loft  in  the  experiment,  becaufe  no  elaflic  fluid  is  difengaged ;  and 

'  at  tb(  fulphuric  acid  has  loft  much  of  its  denflty,  and  becomes  much  lefs  heated  with 

■    water, 
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watcr>.fii}ce  it  is,  in  a  word,  extremely  diluted^  it  is  evident  that  the  water  it  has  acquired 
could  not  have  been  formed  but  at  the  expence  of  the  principles  of  the  vegetable,  and  ^hat  it' 
contains  the  weight  which  is  wanting  to  the  carbone  and  acetous  acid  to  reprefent  the  whole 
of  the  vegetable  matter  fubmitted  to  experiment.  For  it  is  very  certain  that  an  a£lion 
perfe^ly  the  famcj  and  a  re(ult  accurately  identical^  takes  place  in  clofed  veflels,  as  well  as  in- 
fuch  as  are  open;  and  that  the  water  which  faturatcs  the  fulphuric  acid"  does  not  come  from 
the  atmofphere.  We  are  therefore  forced  to  conclude,  from  this  examination,  that  the  ve-' 
getable  fubftanqe  treated  with  the  concentrated  cold  fulphuric  acid,  has  fufiered  a  deconi- 
pofition  or  analyfis  by  feparating  a  portion  of  its  carbone  nearly  pure,  and  that  another  part  of 
carbone  has  united  with  hydrogene  and  oxygen^  to  form  the  acetous  acid,  at  the  fame  time 
that  a  fecond  portion  of  oxygene  has  united  with  a  fufficient  quantity  of  hydrogene  to  form 
the  water  which  dilutes  the  acid.  All  thefe  changes  in  the  vegetable  fubftancc  are  therefore 
iq;u^le  at  the  expence  of  its  own  proper  principles.  Nothing  has  come  to  pafs  but  a  change 
of  equilibrium  between  them^.  a  feparation  and  unequal  combination  of  their  componient 
parts,  which  produce  the  three  new  products  obtained. 

In  what  manner  does  the  concentrated  fulphuric  acid  determine  this  change  of  equili- 
brium ?  How  can  it  convert  an  homogeneous  organic  matter  into  acetous  acid  and  coal  i 
What  is  the  force  or  forces  whofe  energy  or  concurrence  dellroys  the  connexion  which 
aniced  the  principles  of  the  ve|[etable  fubftance,  while  it  has  no  uifluence  on  the  fulphuric 
tcid  ?  A  fingle  argument  well  applied,  from  the  refult  of  experiments,  will  lead  us  to  the 
iblution  of  this  problem*  $iace  a  vegetable  fubftance  requires  a  new  equiUbrium  of  priA-  • 
ciples  after  the  total  aAion  of  the  concentrated  and  cold  fulphuric  acid,  and  remains  in  th6 
triple  ftate  of  carbone,  acetous  |acid,  and  water,  at  which  period  the  fulphuric  acid  has 
become  much  lefs  denfe  and  concentrated  than  before  ^ — we  muft  conclude,  that  the  affinity 
jqf  this  sK:i4/Qr  water,  as  well  as  that  of  the  oxygene  for  hydrogene  and  carbone,  at  the  fe« 
fo^al  proportions  required  to  form  vinegar,  prevail  over  the  attraftions  which  held  thefe  three 
principles  united  in  other  proportions^  under  the  original  form  of  homogeneous  vegetable 
matter.  But,  in  this  new  fum  of  ele£ltive  attra£tions,  the  only  caufe  which  determines  the 
change  that  takes  place  is  the  affinity  of  the  fulphuric  acid  for  water,  of  which  the  prin- 
ciples do  not  unite  por  the  compoGtion  take  place,  till  the  moment  at  which  this  affinity 
j|£U^    ^yhen  once  this  tendency  of  thejacid  for  water  is  fatisfiedj  the  equation  between 

the  Xeveral  principles  is  cfiipdedy  an  equilibrium  is  eftabliOiedy  and  no  further  alteration 

•  -  ■ »        .  ^  ■ 

follows.  ... 

Itrfeems,  however,. at  firft  Gght,  that  the  imagination  refufes  to  admit,  in  the  fulphuric 
-acid,  an  affinity  ifor.  a  body. which,  does  not  exift  completely  formed,  or  to  conceive  the 
/ormation  of  the  water  as  refulting  from  the  attra£^ion  which  the  acid  exerts  upon  it,  though 
k  dp^not  yet  exift  in  tfae  vegetable  matter,  but  in  its  principles.  But  whatever  repu^ance  a 
rrfuk  if  ^if  kind  feexns  at  firft  to  produce,  it  does  not  appear  lefs  certain,  (ince  i(  is  evi* 
dent,  as  matter  of  hJQi  in  this  experiment,. that  the  acid'  originally  concentrated  becomes 
feeble jind  aqueous;  that  the  water  did  not  exift  ready  formed  in  the  vegetable  matter  | 
that  it  was  not  taken  from  the  atmofpheric  air ;  and  that,  when  once  the  acid  has  l>ecomtt 
diluted,  evei;y  ^  fubfe^^ent  a£tion  ceafes:  .  Theie  four  points  are  equally  eftabliflied^  and 
.tbciPf  c^];^.bc  UO'  d^jiibt  of  their  certainty.  Befides  which^  a  great  number  of  fa£l9[  are  at 
nrefcnt  well  known  to  Ghcmifts,,w&ica  compel  them  to  admit  fuch  affinities  as'  are  pro^ 
j^,,  ^     3Da  duaivc 
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duaWeof'fiiblequerit'  evfcrittf,  axfd  hav^  been  denoted'for  (ome  jtvrsbf  the  MM  df  dftpMtrtff 
■ffinides.  Thus  it  U  that  the  attra£lion  of  acids  for  the  metallic  oxides  fsfours  the  dkeenw 
pofition  of  water  by  means  of  the  ihetalsi  which  do  not  in  fad  become  ozidedto  unite  to  acids^ 
but  at  the  expence  of  the  oxygcnc  which  tliey  take  from  die  hydrogene.  Thus  ItKewiie  itf 
li^  that  the  affinity  of  the  cauflic  earths  and  alkalis  for  the  fulphnric  acid  determines  Hxd 
combuftion  of  the  fuljphur  of  fulphurets  by  meaiis  of  water,  :md  the  feizure'of  oxygtsnrfhmr 
die  latter^  which  would  not  take  place  without  the  exiftence  of  this  difpoflng  affinity;  Whenf 
Ijbe  long  confideration  of  chemical  ph(?homena,  the  habit  of  beholding  thenr,  gild  of  appre^i^ 
dating  their  irefults,  has  deftroyed'this  iirft  repugnance  in' the  mind  of  the  chetntft*,  he  tooti 
conceives  that  it  is  not  more  difEcult  to  admit  and  explain  this  difpoHng  affinity,  than  ici^ 
in  natural  philofophy  to  adopt,  and  admit  as  proved,  the  actraflipn  at  great  dl(!dnces^  which 
takes  place  between  the  planecary  bodies. 

We  may  expreCs  the  refults  of  tlie  chemical  effc&  2i  it  has'  here  been  at  length*  ttpliiaeA 
tj  a  fimple  formula,  which  in  tesdity  is  nothing  more  than  an  argument  diipofi^d  iw  af  cflofi^ 
sumingementf  like  all  the  algebraic  formulae  j  and  this  method,  by  prefenting  cKemical*  pM* 
nomfena  in  a  concife  language,  will  poflefs  the  advantage,  when  more  generally  employied,  of 
reprefenting,  with  clearnefs  and  preciflon,  every  thing  diat  happens  in  the  raoft'  comfSekteA 
operations.     Thus  we  may  fay, 

Aqiaeous  fulphurlc  acid  +  liquidT  acetotis  acid  -f  precii^tated  catbone  zs  ck}nt:tnMitd 
fulphuric  acid  +  entire  vegetable  matter.  In  this  manner  it  wasr  that  LavoiCef  exhifiited'tfi^ 
whole  my(tery  of  the  vinous  fermentation  in  fhiisi  finiple*  fdtiti  of  anr  equatisn  >-»Jbiee  of 
grapes  =  carbonic  acid  +  alcohol;  becaufe,  in  fa£l,  (ht  refuK  of  this'lhterefting  obfeivitwa^ 
formerly  fo  obfcure,  but  at  pr^fent  fo  perfpicuous,  is  the  ccmverfion  of  mttftj  or  Hijttid  fii6^ 
charine  matter,  into  alcohol  and*  carbbnTc  acid'. 

If  the  eflfeAs  be  truly  fuch  as  we  have  here  explainetF,  it  muflr  be  neceflarf  feir  thetf  eii^ 
iftence  that  the  fulphuric  acid  ffiontd  be  concentrated,  and  the  vegetable  i^natterspik  AtSf 
date  :  for,  if  they  contained  water  ready  formed,  tftis^,  hf  its  immediate  appCciti«t  t&  Htk 
(ulphuric  acid,  would  faturate  it,  and  prevent  its  re-a6tion  upon  the  principles  of  thefe  fti^ 
Itances.  The  fame  thing  would  happen  if  the  acid  empioyed  was- already  weaken^  by  die 
]|)revious  addldon  of  water.  This,  in  fad,  takes  place  in  both  cafes,  as  the  experienceof  every 
cBemiK  mull  fhew.  It  hiuft,  however,  be  obferved  in  this  place,  that  iii  ord^thit  the  aAM 
between  vegetable  matter  and  fuTphuric  acid  coAibined  with  w^tet  fhowid  be  tM&aag,  th6 
water  ought  to  be  enough  to  faturate  the  acid  :  for,  if  its  tendency  to  combinatioii  widk 
water  be  not  endrely  fatisfied,  it's  decompofing  a£tion  on  vegetable  fubftances  muff  be  in 
proportion  to  its  want  of  faturatlon.  In  fa£l,  the  decompofition  here  mentioned,  namely 
the  formation  of  water  and  vegefable  acid  with  the  precipitation  of  carbone,  cantlbt  be  ob^ 
tained  but  by  incrcafing  the  quatidfy  of  acid.  This  alfo  is  confirmed  by  6xperlelict>  ^ittAA 
{hews  that  the  quantities  of  felphuric  acid  ne^eiSary  to  produce  the  requited' deMitt^dS»- 
doni  do  not  follow  the  fimple  ratio  of  the  quantities  of  water  thcV  coritaib,  but  are  at  ledl  lA 
proportion  to  the  fquares  of  tliofc  quantities.  So  that  if  we  fuppofc,  for  example,  that  the 
moft  concentrated  fulphuric  acid  contains  a  quantity  of  water  eqtral  to  two,  and  that  arhodier 
acid  contain  a  quantity  equal  to  four,  there  will  be  required  not  only  the  double  of  tjiir  laft 
to  produce  the  fame  cffe<a  upon  a  vegetable  fabftance,  but  it  will  be  fomid  ricceflifry  tti  nfe 
at  lead  fixteen  times  as  much.     And  this  agrees  very  well  m(h  realbhing,  fince  it  is  bi6\^ 

5  dial 
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As^  tlie  acuity  of  the  fulphuric  acid  for  water  diminlflies  in  proportion  to.  th^  fquare  of  tha 
quantity,  of  vrziex  it  contains. 

Though  we  ha\ce  neduced  the  general  a£iion  of  the  concentrated  fulphuric  acid  upon  ve- 
getable matters  to  the  formation  of  water,  of  acetous  acid,  and  the  feparation  of  carboncy 
we  mulb  here  remark,  that  in  fome  cafes  the  action  becomes  more  complicated  \  that'fome- 
times,  alfo,  vegetable  acids  are  formed ;  that  the  formation  of  a  fmall  quantity  of  alcohol, 
even'in  fubdances  not  faccharinCy  fuch  as  gum,  unfized  paper,  &c«  likewife  occafionalljr 
accompanies  the-foregoing  phenomena ;  and,  laftly,  that  there  is  in  many  circumihinGdi 
a  difangagement  of  carbonated  hydrogene  gas  more  or  lefs  abundant.  But  thefe  multiplied 
produ£ls  do  not  take  place  fo  frequently  as  the  compofition  of  water,  of  vinegar,  and  the 
precipitation  of  carbone,  the  conftancy  of  which  is  invariable  during  the  adion  of  concen- 
trated fulphuric  acid  upon  vegetable  matters.  They  are  in  fome  meafure  phenomena  ne- 
ceflary  to  the  former.  They  depend  upon  the  different  proportion  of  the  principles  which 
compofe  vegetable  fubftances.  They  take  place  more  efpecially  in  thofe  which  contain  a 
greater  quantity  of  hydrogene.  The  defcription  of  thefe,  and  the  confideration^  to  which 
they  may  lead  chemifts,  belong  to  the  general  and  complete  hiftory  of  vegetable  analyfis 
which  we  propofe  to  publifh  when  our  work  (hall  be  finiflied.  Laftly,  thefe  productions 
of  alcohol,  of  various  acids  at  the  fame  time,  and  of  carbonated  hydrogenous  gas,  indicate  a 
more  profound  alteration  in  the  vegetable  matters  treated  by  the  fulphuric  acid;  a  compli- 
cation of  e&£ls,  which,  though  it  originates  in  the  change  of  equilibrium  occaGoned  by  the 
powerful  attra£lion  of  this  acid  for  water,  cannot  be  well  developed  until  after  the  ezplana* 
tion  of  the  new  procefles  of  analyfis,  the  methods  and  refults  of  which  we  fliall  hereafter 
prefent  to  the  chemicaj  world. 

Befides  this  multiplication  of  efR:£);9  and  complicated  combinations  which  are  fome- 
thneg  oblerved  in  vegetable  matters  treated  with  the  concentrated  fulphuric. acid,  an- 
other alteration  (baaetimes  takes  place  in  this  laft.  When  the  fubftances  placed  in 
€oaca&  with  it  coataia  too  Ixnall  a  proportion  of  oxygene  to  form  the  water  required  for  its 
faturation,  their  hydrogene  then  unites  with  a  portion  of  the  oxygene  of  the  acid  itfelf,  and 
the  fulphureous  acid  is  formed.  This  effc£t  is  more  particularly  remarked  in  oily  fubftances. 
It  takes  place  only  till  the  quantity  of  water  neceflary  for  the  faturation  of  the  acid  is  af- 
fordeil,  and  ceafesias  feon  as-  tfiia  faturation  is  ejSe£led. 

This  a£lion  of  the  concentrated  fulphuric  acid  is  ftill  more  complicated  on  animal  than 
on  vegetable  matters,  becaufc  the  animal  matters  themfelves  are  more  compounded.  Though 
the  affinity  of  the  acid  for  water  be  the  caufe,  the  formation  of  this  liquid  is  not  only  ac- 
companied with  that  of  a  vegetable  acid  and  the  precipitation  of  carbone^  but  ammoniac  is 
likewife  formed.  No  efcape  of  any  volatile  principle  is  perceived.  The  azote,  which  forms 
part  of  thefe  fubftances,  unites  with  a  portion  of  hydrogene,  and  conftitutes  the  volatile  alkaR, 
which  combines  with  the  fulphuric  acid,  or  with  the  acid  which  is  at  the  fame  time  com- 
pofed,  while  another  part  of  the  hydrogene  forms  with  the  oxygene  of  the  fame  fubftances 
that  water  which  is  requifite  to  faturate  the  fulphuric  acid.  But  in  thefe  cafes,  as  in  the 
experiments  with  vegetable  fubftances,  the  quantity  of  carbone,  ^hi^h  exceeds  that  required 
to  compofe  the  new  acid,  together  with  a  portion  of  hydrogene  and  bxygene,  will  be  fet  at  li- 
berty, and  falls  down  in  the  form  of  magma,  of  flocks^  or  of  black  powder.  In  this  manner  it 
is  that  in  the  cafe  of  batnaj  feeqmently  £6  daogOTous^vrtucb  are  produced  by  the  concentrated 
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fulphuric  acid,  tliere  is  formed,  at  the  expence  of  the  Ikin,  water,  vegetable  acid,  and  am« 
moniac,  while  carbone  is  precipitated,  and  a  complete  deilru£tion  of  the  burned  parts  is  the 
refult  of  thcfe  fimultancous  eflcdis,  as  appears  by  the  brown  or  black  fear  which  afterwards 
falls  off,  and  is  fcparated  as  a  foreign  body.  Hence  may  be  deduced  how  great  the  diforganiz* 
ing  power  of  this  concentrated  acid  mull  be  on  the  coats  of  thj;  ftomach  or  the  ccfophagus, 
and  the  utility  of  prefenting  to  it,  at  the  moment  it  is  fwallowed,  a  mucous  liquid  fub- 
(lance,  on  which  its  action  may  be  dirc<2ly  and  fpeedily  exercifed. 

From  the  whole  of  what  is  here  ftatcd  concerning  the  reciprocal  a£lion  of  concentrated 
fulphuric  acid,  and  the  ternary  or  quaternary  compounds  which  belong  to  the  vegetable  and 
animal  kingdoms,  we  may  perceive  that  its  tendency  to  dedroy  the(e  complicated  compo* 
fitioiis,  and  convert  them  into  others  more  fimple,  mud  open  a  new  path  in  the  vegetable 
analyfis.  We  may  perceive  that,  (ince  its  efFefls  are  confined  to  thofe  here  defcribed,  while 
(he  fubdances  and  the  fulphuric  acid  are  permitted  to  a£i  fpontaneoufly  and  without  foreign 
allidance,  the  energy  of  the  acid  will  proceed  niuch  further  in  this  decompofition  when  it  if 
incrcafcd  by  the  additioji  of  new  quantities  of  this  fluid,  or  the  application  of  accumulated 
heat.  But  the  new  refults  thus  produced  would  carry  us  from  the  fubje<2  here  treated, 
ami  to  which  we  at  prefent  mean  to  confine  ourfelves. 

In  this  accurate  defcription  of  the  fpontaneous  a£lion  of  fulphuric  acid  upon  vegetable 
and  animal  matters,  our  intention  was  to  (hew  more  particularly  that  this  knowledge  majr 
have  adire^l  influence  upon  pharmaceutic  operations.  Our  aflbciate  Vauquelin  has  ihewtl 
in  another  memoir,  which  forms  the  continuation  and  ufeful  refult  of  the  prefent,  that  the 
principles  here  explained  are  alone  capable  of  developing  the  theory  of  the  formation  of 
ethcTy  hitherto  fo  va^e  and  uncertain ;  and  at  the  fame  time  to  perfed  the  operations 
propter  to  aflFocd  thefe  important  produ£is.  This  fird  work,  which  weoflfer  jointly  to  the 
fchool  of  pharmacy,  will  be  a  confirmation  of  the  truth  configned  in  the  difcourfe  on  t&fa 
indiflbluble  union  of  chemidry  and  pharmacy,  namely,  that  the  former  cannot  make  the 
flighted  advance,  without  the  latter  receiving  immediately  a  proportional  degree  of  perfe^Hort. 


Concerning  the  ABion  of  the  Sulphuric  Jicid  upon  Alcohol^  and  the  Formation  of  Ether, 

THE  preparation  of  ether  is  a  complicated  pharmaceutic  operation,  the  refults  of  which 
are  no  lefs  known  than  the  theory  is  obfcure.  This  is  proved  by  the  diflTerent  explanations 
given  by  the  chemids  who  have  treated  of  this  operation  before  the  edabliflinient  of  the 
pneumatic  do£irine. 

The  greater  number  of  modem  philofophers  are  in  general  of  opinion,  that  the  whole  me- 
chanifm  of  the  formation  of  ether  confids  in  the  decompofition  of  the  fulphuric  acid,  and 
the  tranfition  of  part  of  its  oxygene  to  the  elements  of  the  alcohol.  According  to  this 
bypothefis,  water,  carbonic  acid,  and  fulphtireoas  acid  are  formed.  This  opinion  contains 
the  {ame  error  as  was  pointed  out  in  the  foregoing  memoir.  In  order  to  explain  the  opera^ 
tion  with  perfpicuity  and  effcd,  we  (hall  defcribe  its  circumdances  from  the  beginning  to 
the  end.  And  while  we  thus  treat  on  a  fubjed  familiar  to  every  cheraid,  we  hope  to  prove 
that  this  operation,  fo  common,  and  fo  often  repeated,  does  neverthelefs  ofl%r,  in  the  feries 
of  its  phenomena,  certain  fafts  which  have  not  yet  been  properly  defcribed^  and  of  which 
die  accurate  knowledge  alone  can  afibrd  a  folid  theory  of  etherification. 

Experiment 
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BxpiAment  L  Zquad  -parts  of  ooacentralSed  fulphuric  acid  tod  fe(Q|ified  ft}cobol  being 
mixed  together,  difengagc  a  quantity  of  caloric  capable  of  elevating  the  temperature  of  the 
maft  to  70  degrees  (190  Fahrenheit).  Bubbles  of  claftic  fluifi  are  formed^  the  liquor  be- 
comes turbid,  afiumes  an  opal  colour j  and  at  the  end  of  feveral  days  becomes  of  a  deep 
red  colour. 

Expfrunent  IL  A  combination  of  two  parts  of  fulphuric  acid  and  one  part  of  alcohol 
elevates  the  temperature  to  75  degrees  (20 !  Fahrenheit),  becomes  immediately  of  a  deep  red 
colour,  which  changes  to  black  a  few  days  afterwards,  and  emits  a  fmell  perceptibly  ethereal. 

Mxpiriment  IIL  When  we  carefully  obfcrve  what  happens  in  the  combination  of  equal 
parts  of  alcohol  and  concentrated  fulphuric  acid  expofed  to  the  a£lion  of  caloric  in  a  propev 
apparatus,  the  following  phenomena  are  feen: 

1.  When  the^temperature  is  elevate^ij  to  78  degrees  (aoS  Fahrenheit),  the  fluid  boils,  and 
emits  a  vapour  which  becomes  condenfed  by  cold  into  a  colourlefs,  light  and  odorant  liquor, 
which,  from  its  properties,  has  received  the  name  of  ether.  If  the  operation  be.  properly 
conduced,  no  permanent  gas  is  difengaged  until  about  half  the  alcoiiul  has  pafied  over  in 
the  form  of  ether.  Until  this  period  there  pafles  abfolutely  nothing  but  ether  and  a  fmall 
portion  of  Water,  without  mixture  of  fulphureous  or  of  carbonic  acid. 

2.  If  the  receiver  be  changed  as  foon  as  the  fulphureous  acid  manifeflis  itfelf,  it  is  ob« 
•  ferved  that  no  more  ether  is  formed,  but  the  fweet  oil  <rf  wine,  water,  and  acetous  acid, 

without  the  difengagement- hitherto  of  a  Cngle  bubble  of  carbonic  acid  gas.  When  the 
fulphurie  acid  conftitutea^bout  four-fifths  of  the  mafs  which  remains  in  the  retort,  an  in- 
flammable gas  is  difengaged  which  has  the  fmell  of  ether,  and  burns  with  a  white  oily 
flame.  This  is  what  the  Dutch  dieimifts  have  called  carbonated  hydrogene  gas,  or  olefiant 
gas,  becaufe,  whefi  mixed  with  the  oxygenated  muriatic  acid,  it  forms  oil  *.  At  this  period 
the  temperature  of 'the  fluid  contained  in  the  retort  is  elevated  to  88  or  90  degrees  (230. 
or  2  34  of  Fahrenheit ). 

3.  When  thifi  fweet  oil  of  wine  ceafes  to  flow,  if  the  receiver  be  again  changed,  it  is  found 
that  nothing  more  pafles  but  fulphureous  acid,  water,  carbonic  acid  gas;  and  that  the  refidue 
in  the  retort  is  a  black  mafs,  confiding  for  the  mod;  part  of  fulphuric  acid  tliickened  by 
carbone. 

The  feries  of  phenomena  Jiere  expofed  will  juftify  the  following  general  inductions  : 

1.  A  fmall  quantity  of  ether  is  formed  fpontaneoufly,  and  without  the  afliftance  of  heat, 
by  the  combination  of  two  parts  of  concentrated  fulpliuric  acid  and  one  part  of  alcohol.- 

2.  As  foon  as  ether  is  formed,  there  is  a  prodnftion  of  water  at  the  fame  time;  and  while 
the  firft  of  thefe  compofitions  takes  place,  the  fulphuric  acid  undergoes  no  change  in  its 
iivtimate  nature. 

3.  As  foon  as  the  fulphureous  acid  appears,  no  more  ether  is  formed,  or  at  lead  very 
little ;  but  then  there  paflTes  the  fweet  oil  of  wine,  together  with  water  and  acetous  acid. 

4.  The  fweet  oil  of  wine  having  ceafed  to  come  over,  nothing  further  is  obtained  but  the 
fulphureous  and  carbonic  acids,  and  at  lad  fulphur,  if  the  didillation  be  carried  to  dryneis. 

The  operation  of  ether  is  therefore  naturally  divided  into  three  periods  5  the  fird,  in 
wliich  a  fmall  quantity  of  ether  and  water  are  formed  without  the  aflldance  of  heat ;  the 
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'fecobd*  in  >K4iii!6-Aii  Hrhdle  of  Ihe^^tlier  whki^  cn^te  obtained  li  difeqpged  irft&oat  die 
iiccompaniment  of  fulpliiiTcoiis  aci'd  \  and  tbe*third,  in  which  the  fweet  dl  of  wine,  the 
acetous  acid/ the  ftilphnreotis  acidf  and  the  carlMMiic  acid  are  aflbrded.  The  three  ftagct 
have  no  circumftdnce  common- to  ally  but  the  continual  formation  of  water»  which  takoi 
place  during  the  whole  of  the  operation.  The  principles  eftabliflied  in  the  preceding  0ie« 
moiri  and  the  eomparifon  of  the  phenomena  here  defcribed,  would  in.ftri^inefs  be  fufficient 
to  explain  how  the fatphuric  aeid  ads  upon  alcohoLin  the  formation  of  ether;  but  as  this 
operation  includes  fererll  particular  circumftances  which  are  not  comprifed  in  tbe  ex- 
pofition  of  the  general  principles  (ketched  out  in  the  firft  memoir,  we  (ball  in  this  place 
enter  into  fome  details  neceflary  for  the  fdution-  of  tlie  propofed  problem. 

The  ether  which  is  formed  without  the  alSftance  of  caloric,  and  the  carbone  which,  is  (e« 
parated  without  decompofition  of  the  fulphuric  acid,  prove  that  this  acid.afta  on  alcohol  in 
a  manner  totally  diiietent  from  what  has  hitherto  been  fuppofed.  It  cannot,  in  fa A^  be  affim- 
<ed,  that  the  acid  is  altered  by  the  carbone,  becaufe  daily  experience  (hews  that  no  feofitdo. 
attraflion  takes  place  between  thefe  two  bodies  in  the  cold ;  neither  can  it  be  afield  by  the 
hydrogene,  for  in  that  cafe  fulphureous  acid  vrould  have  been  formed,  and  it  is  known  that 
no  trace  is  exhibited  during  this  firft  period*  We  muft  therefore : have  recourfe  to  another 
fpecies  ofaAion,  namely,  the  powerful  attrafiion  exercifed  by  the  fulphuric  acid. upon 
-water.  It  is  this  which  determines  the  union  of  the  principles  which  exift  in  the  alcoholt 
and  with  which  the  concentrated  acid  is  in  coataf); :  but  this  a£]tion  is  very  limited  if  the 
acid  be  fmall  in  quantity ;  for  an  equation  of  affinity  is  foon  eftabliOiedy  the  effed  of  which 
is  to  maintain  the  mixture  in  a  ftate  of  repofe. 

Since  it  is  proved  that  ether  is  formed  in  the  cold  by  die  mixture  of  any  quantities  of 
alcohol  and  fulphuric  aeid,  it  is  evident  that  a  mafs  of  alcohol  might  be  completely  changed 
into  ether  and  vegetable  acid  by  ufing  a  fufficient  abundance  of  fulphuric  acid.  It  is  equally 
evident  that  the  fulphuric  acid  would  not  by  this  means  undergo  any  other  change  than 
that  of  being  diluted  with  a  certain  quantity  of  water.  This  obfervation^  proves,  at  tho 
fame  time,  that  alcohol  contains  oxygene,  becaufe  water  cannot  exift  without  this  principlci 
which  muft  be  afforded  by  the  alcohol  only,  fince  tlie  fulphuric  acid  fufTers  no  decompo« 
fition.  It  like  wife  (hews  that  the  fulphuric  acid  here,  indead  of  favouring  the  decompo* 
fition  of  water-as  in  many  other  cafes,  does,  on  the  contrary,  determine  its  formation  ;  fo 
that  its  action  on  the  oxides  of  carbone  and  hydrogene*,  which  conftitute  vegetable  matters 
in  general,  is  abfolutely  the  reverfe  of  that  which  it  exercifes  upon  the  Gmple  combuftibli 
bodies,  fulphur  and  metals,  for  example,  of  which  it  effeds  the  oxidation  by  the  decom* 
pofition  of  water. 

We  muft  not  however  imagine,  from  thefe  fafts,  that  ether  is  alcohol  minus  oxygene  and 
hydrogene.  Its  properties  alone  would  contradifl  this,  for  a  quantity  of  carbone  propor- 
tionally greater  than  that  of  the  hydrogene  is  at  the  fame  time  feparated.  It  may  in 
fi<a  be  conceived,  that  the  oxygene,  M'hich  in  this  cafe  combines  with  the  hydrogene  to 
form  water,  not  only  faturated  that  hydrogene  in  the  alcohol,  but  likewife  the  carbone.  So 
that,  inlleati  of  confidering  ether  as  alcohol  minus  hydrogene  and  oxygene,  we  muft,  by 
keeping  an  account  of  the  precipitated  carbone  and  the  fmali  quantity  of  hydrOgen9  con- 
tained in  the  water  which  is  formed,  regard  it  as  alcohol  plus  hydrogene  and  oxygene. 
Wc  muft  obfcrve,  that  the  comparative  analy(i8  of  alcoliol  and  of  ether,  of  which  the  details 
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vi^Vkli  ))f  <i>itt  of  plicc  In  this  mcmoir>  correfpood  perfedly  with  the  refult  afforded  bjr  the 
tbcorp*       • 

The  foregoing  are  the  elTefls  produced  by  a  combination  of  alcohol  and  fulphuric  acid, 
fpontaneoufly  produced  without  foreign  heat.  Let  us  in  the  next  place  obferve  how  this 
comjiination  is  cfTet^ed  when  caloric  is  added.  The  phenomena  are  then  very  different, 
though  fome  of  the  refults  arc  the  f^me. 

*  In  tl>e  iirft  place  we  mud  obferve,  that  ^  combination  of  fulphuric  acid  and  alcohol  in 
equal  parts  docs  not  boil  at  lefs  than  78  degrees  of  temperature,  while  that  of  alcohol  alone 
boils  at  64.  Now  fincc  ebullition  does  not  take  place  till  the  higher  temperature,  it  is  clear 
that  the  alcohol  is  retained  by  the  affinity  'of  the  fulphuric  acid>  which  fixes  it  more  conG- 
derably.  Let  us  alfo  confider  that  organic  bodies,  or  their  immediate  produ£ls,  expofed  to 
a  lirely  briik  heat,  without  the  poflibility  of  cfcaping  fpeedily  enough  from  its  aflion,  fuffer 
a  partial  or  total  decompofition,  according  to  the  degree  of  temperature.  Alcohol  under- 
goes this  laft  alteration  when  pafled  through  an  ignited  tube  of  porcelain.  By  this  fuddcA 
decompofition  it  is  converted  into  water,  carbonic  acid,  and  carbone'.  The  reafon,  there* 
fore,  why  alcohol  is  not  decompofcd  when  it  is  fubYnitted  alone  to  heat  in  the  ordinary  ap- 
paratus for  didiUation,  is,  that  the  temperature  at  which  it  rifes  in  vapours  is  not  capable 
of  efie£ltng  the  feparation  of  its  principles  j  but  when  it  is  fixed  by  the  fulphuric  acid  or 
any  other  body,  the  elevated  temperature  it  undergoes  without  the  poflibility  of  difengage- 
ment  from  it^  coipbination  is  fufficient  to  effec);  a  commencement  of  decompofition^  10. 
which  ether  and  water  are  formed,  and  carbone  is.  depofited.  Notliing  more  therefore 
Ifappent  to  the  alcohol  in  thcfe  circumftances  than  what  takes  place  in  the  diitiUation  of 
^ferjo^x  Vegetable  matter  in  which  water,  oil,  acid,  and  coal  are  afforded. 

Hdnce  it  may  be  conceived  that  the.  nature  of  the  produ£is  of  the  decompofition  of  alcohol 
liiuft  mj  according  to  the  difiereot  degrees  of  heat,  and  this  explains  why  at  a  certain 
period  lio  more  ether  is  formed  but  the  fweet  oil  of  wine  and  acetous  acid.  In  fa£t»  when 
the  gscatdl  quantity  of  the  alcohol  has  been  changed  into  ether,  the  mixture  becomes  more 
denfe,  and  the  heat  which  it  acquires  previous  to  ebullition  is  more  confiderabie.  The  af- 
finity of  the  acid  for  alcohol  being  increafed,  'the  principles  of  this  acid  become  feparated; 
fo  that,  on  the  one  hand,  its  oxygene  feizes  the  hydrogene  and  forms  much  water,  which  Is 
gradually  frolatilized;  while,  on  the  other,  the  ether  retaining  a  greater  quantity  of  carbone, 
with  which  at  that  temperature  it  can  rife,  affords  the  fweet  oil  of  wine.  This  lafl  ought, 
therefore,  to  be  confidered  as  an  ether  containing  an  extraordinary  portion  of  carbone,  wh4.ch 
givef  it  moce  dcafity,  lefs  volatility,  and  a  lemon-yellow  colour. 

'  Dpring  the  foxmation  of  the  fweet  oil  pf  wine,  the  quantity  of  carbone  which  is  precU 
{rttftted  U  no  longer  in  the  Caibfi  proportion  as  during  the  formation  of  ether. 
'  What  we  have  here  fLated  eonterning^  the  manner  in  which  ether  is  formed  by  the  CmdU 
timeous  iaAioo  a£  the  fulphuric  ^cid  ^  heat,  appears  fo  conformable  to  truth,  that  nearly 
the  fame  efi^£ts  may  be  prodtioed  by  ^  cauflic  fixed  alkali.  In  this  cafe  alfo  a  kind  cf 
ether  and  a  fveet  oil  of  wine  are  volatilized,  and  coal  is  precipitated.  It  is  therefore  only 
by  fixing  the  alcohol  that  the  fulphuric  acid  permits  the  caloric  to  operate  a  fort  of  decom- 
pofifi^n.  It  may  alfo  be  urged  as  a  proof  of  this  affertioii,  that  the  fulphuric  acid,  which 
lias  ferv ed  to  make  ether  as  far  as  the  period  at  whidbtl^ie  fweet  oil  of  wine  begins  to  appe^j 
is  capable  of  fatu rating  the  fame  quantity  of  alkali  as  before  its  mixture  with  the  alcohol. 
^  Vol*  I. — December  1797.  3  E  With 
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With  regard  to  the  formaijon  of  the  oil  of  wine  by  the  augmeniat  ion  of  temperature  from 
ihe  con ce titration  of  rlic  fulphuric  acici,  it  is  fo  truc>  ihat  if  water  and  alcohol  be  added  in 
the  fame  proportion  as  the  volatile  produfl  comes  over,  oil  of  wine  will  never  be  formed, 
and  all  the  alcohol  will  be  converted  into  ether. 

Ii  is  to  the  fame  caufe,  namely  the  heat  at  a  higher  degree  of  intenfity,  that  we  mufl  at- 
tribute the  development  of  carbonated  hydrogenc  gas,  or  the  olcEant  gas,  which  feems  to 
be  nothing  clfc  but  the  fwcct  oil  of  winei  with  a  fmall  porlioo  Icfs  of  oxygens  and  more  of 
caloric 

C0HCLO3ION. 

From  the  fafts  and  obfcrrations  contained  in  this  memoir,  it  follow; : 

1.  That  the  formation  of  ether  is  not  owinp,  as  has  been  thought,  to  the  immediate 
aflton  of  the  principles  of  the  fulphuric  acid  upon  thofc  of  the  alcohol,  but  to  a  true  re- 
action of  the  elements  of  the  alcohol  upon  each  other,  and  particularly  the  oxygcne  and 
hydrogenc,  occafioncd  merely  by  the  fulphuric  acid. 

2.  That  we  might  in  (triftnefs  change  any  quantity  whatever  of  alcohol  into  ether,  with- 
out the  aflillance  of  heat,  by  fufflicientty  incrcafing  the  proportion  of  folphuric  aciJ. 

3.  That  the  operation  is  divided  into  two  principal  Rages,  in  one  of  which  ether  and 
water  are  only  formed  j  and  in  the  other,  the  fweet  oil  of  wine,  water,  and  the  acetous  acid_ 

4.  That  fo  long  as  ether  is  formed,  the  fulphuric  acid  is  not  decompofed,  and  there  ik 
no  produd  of  fweet  oil  of  wine ;  but  as  foon  as  this  Ia(t  appears  little,  >f  ^ny,  ether  is  af- 
forded, and  the  fulphuric  acid  is  at  the  fame  time  decompofed. 

5.  That  the  formation  of  fweet  oil  of  wine  mny  be  prevented,  by  keeping  the  temperature 
of  the  mixture  between  yj  and  78  degrees  ;  which  may  be  eafily  done,  by  fuffeting  a  few 
drops  of  Cold  water  to  fall  from  thne  to  time  into  the  retort. 

6.  That  alcohol  dlflTers  from  ether  by  containing  more  catbone  and  lefs  of  hydrogene  ind 
oxygene,  and  that  the  fweet  oil  of  wine  is  to  ether  nearly  what  nicohol  is  to  the  oil*. 


n. 

On  the  MultipJitr  1^  EltSridtj,     By  tht  Invfntor,  Mr.  T.  CjJ'ALLO  .■  wiVA  Ol^ervationt. 
To  Mr.  NiCJJOLSON,  Editor  ef  "  l^ht  Journal  ef  Natural  Fhiltfophy^  {jTf ." 

XjLaVING  a  few  days  ago  leen  for  the  firfl  time  your  Journal  of  Natural  Philofophy» 
Chcmiftry,  &c,  I  found  in  the  third  amcle  of  No.  i.  an  erroneous  account  of  my  Multiplier 
of  Elcflricity,  a  defcription  of  which  Is  contained  in  the  third  volume  of  my  Trcatife  OD 
£le£lricity ;  and  trufting  that  yon<'  candour  will  allow  a  correfHon  of  this  error  to  come 
before  the  Public,  1  have  til;en  l)  •■  liberty  to  fend  you  the  following  explanation,  with  a  ro- 
aueft  that  you  wilt  bj  pleafeH  t  ■  iii'ert  this  letter  in  your  neit  number. 

In  the  firft  paragraph  of  tlu  nl  ove-mentioncd  article,  you  compare  an  cicatrical  mftru men t 

of  your  contrivance  (which  you  defcrtbe  in  the  fequc!)  with  my  multiplier,  in  the  following 

vords ;— "  I  then  (\-iz.  in  th.-  year  1 787)  m<;ntioned  my  intention  to conllru£t  an  mlhument 

•tt  that  principle,  which  foon  afterwards  I  did.     It  was  Ibcwn  to  Sir  Jofe[A  Banks  aadhia 

«  Thclc  Mcmoiis  tre  itanJliiieil  &om  ttic  Aacalci  de  Chimie,  XXIII.  tS& 
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friendsy  at  his  hoofe,  nearly  at  die  fame  timei  and  in  the  fame  year  transferred  to  the  cele- 
brated Mr.  Van  Marum  of  Haerlem,  who  now  poflefles  it.  From  various  other  avocations 
I  was  prevented  from  caufing  any  others  to  be  made.  It  is  not  therefore  wonderful  that 
the  fame  thought  (hould  fince  have  occurred  to  fo  great  a  nufter  of  the  fubje£^  as  Mr.  Ca- 
vallo^  whoj  in  the  third  volume  of  his  ELtOtrickji  publilhed  in  1795>  gives  a  defcription  and 
engravings  of  an  inftrument  very  different  in  form^  but  the  fame  in  principlci  8lcJ* 

Now  the  error  I  allude  to  confifts  in  the  aflertion  tAai  the  two  inftruments  are  the  fame  in 
principle  ;  and  I  flatter  myfelf  that  the  following  explanation  will  be  fufEcient  to  (hew  that 
they  are  fo  far  from  it  as  to  be  totally  different  in  principle  and  in  eflS;£l. 

Your  inftrument  does  nothing  more  than  colle£l  a  confiderable  quantity  of  diiHifed  elec- 
tricity into  a  fmall  compafs,  which  is  exadily  the  fame  office  as  is  performed  by  Mr.  Volta's 
condenfer,  or  by  my  colleAor  of  elcdlricity,  which  is  defcribed  in  the  Philofophical  Tranf- 
ajlions  for  the  year  1788  ;  whereas  my  multiplier  renders  an  abfolutely  fmall  quantity  of 
eleAricity  manifeft,  by  accumulating  a  confiderable  quantity  of  the  contrary  ele£lricity« 
Or,  to  be  more  explicit,  your  inftrument  cannot  communicate  to  the  eleArometer  a  greater 
quantity  of  elc&ricity,  or  rather  not  nearly  fo  much  of  it»  as  is  contained  in,  the  eledlrified 
body  wliich  is  to  be  examined ;  whereas  my  multiplier  accumulates  a  quantity  of  ele&ricity 
many  times  greater  than  that  of  the  body  in  queftion,  and  of  courfe  much  more  perceptible* 

Suppofci  for  inftance,  that  a  certain  body,  having  its  furface  equal  to  that  of  the  ele^ho- 
meter  which  belongs  to  your  inftrument^  contain  100  parts  of  ele£lricitfi  and  fuppofe^ 
Jikcwifcs  that  the  faid  ele£hometer  requires  200  fuch  parts  of  electricity  in  order  to  (hew 
any  divergency.  Now  your  inftrument  will  be  found  incapable  of  manifefting  the  eleo* 
tricity  of  the  given  body ;  for,  when  the  upper  tinfoil  fegments  have  conveyed  the  greateft 
portiony  or  we  may  even  fay  all  the  100  parts  of  defiricity  from  the  given  body  to  the  hook 
with  the  eledlrometer,  they  cannot,  in  the  fubfequent  rotations  of  the  inftrument,  coUeA 
any  more.  The  deflrometer,  therefore,  being  at  moft  loaded  with  100  parts  of  electricity, 
cannot  (hew  any  divergency ;  fince,  according  to  the  fuppofition^  at  leaft  200  parts  of 
ele£lricity  are  required  in  order  to  produce  any  divergency  in  it. 

But  if  the  above-onentioned  electrified  body  be  applied  to  the  plate  A  of  my  multiplier 
and  the  inftrument  be  worked,  the  plate  C,  and  of  courfe  an  electrometer  which  is  con- 
nected with  it,  will  foon  acquire  300  or  400  parts,  or,  in  (hort,  a  much  greater  quantitjr 
-of  electricity  than  is  fuificient  to  caufe  a  divergency  in  the  cleCtrometer  \  becaufe,  bj 
working  the  inftrument,  the  original  quantity  of  eleCtricity  in  the  plate  Aisnot  dimini(be(^ 
or  removed  from  it ;  but  the  contrary  ele&icity  (which  is  repeatedly  and  unlimitedly  iiw 
duced  juponihe  plate  B  by  the  plate  A)  is  accumulated  upon  the  plate  C,  &c.. 

Sir,  I  remain  your  obedient  humble  Servant, 

»&///-&rr</,as?.30, 1797.  T.  CAVALIXX 


AFTER  returning  my  Gncerc  thanks  to  Mr.  Cavallo  for  the  dctcCHon  of  the  error  he 
mentions,  into  which  I  certainly  (hould  not  have  fallen  if  I  had  confulted  hisTreatife  at  th6 
time  the  paper  he  alludes  to  was  written,  I  ihall  take  the  prefent  opportunity  of  making 
fome  remarks  on  the  inftruments  we  at  prefent  poflefs  for  manifefting  the  prefence  and  kind 
isf  weak  electricities.    Thefe  are :  the  condenfer,  the  fimpic  doubler,  the  doubler  with  me- 
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chanifm,  two  inftiutnents  by  Mr.  *CavalIo>  and  the  inftrumem  defcribed  at  pw  171  of  thb 
Journal. 

After  the  dtfcOTcrjr  of  the  method  of  infulation  by  Stephen  Gray,  the  firft  form  m  which- 
eompenfated  elcflricity  was  obferred  apj>ears  to  hare  been  \n  the  eombination  called  the 
eic.£lric  jar ;  in  the  explanation  of  which  fo  many  of  the  earlier  eledriciana  have  (hewn 
their  ingenuity,  llie  next  rnftance  confided  in  the  application  of  condudors  to  each  other;, 
by  which  it  was  fhewni  that  elcflricity  is  not  equally  diffufed  over  the  furface  of  a  condudi* 
ing  body,  while  any  part  of  the  cleftrified  niafs  which  differs  in  intenfity  is  fcparatcd  from 
the  reft  by  the  interpofitioii  of  air  or  other  non*condu£^ors.  The  cann  and  chain  of  Franklin^ 
and  the  elefirical  well  of  Beccaria,  exhibited  the  f^inciple  of  compenfation  in  another  light;, 
and  the  fubjeft  was  rendered  ftill  more  difficult  when  the  ftrong  oppofite  eleflricities  of 
ribbands  and  (ilk  (lockingSi  placed  in  contafl,  expofed  to  fridion  in  that  fituation,  and 
then  fepa rated,  were  (hewn  in  the  experiments  of  Cigna  and  Symnier.  Tlie  vindicating 
de£lrtcity  of  Beccaria  appeared  to  be  (lill  more  remote  from  the  fimple  general  laws  whick 
had  been  applied  to  explain  the  effe£b  of  the  jar ;  and  the  eleflrophore  of  Wilcke  prefented 
dtificttlties  fcajrcely  lefs  con&derablc. 

The  firft  procefs  for  accumulating  eleflricity,  which  differs  from  that  of  mere  friflion^ 
Appears  to  have  been  invented  by  ProfelTor  Lichtcmberg  *,  and  alfo  by  Dr.  Klkicock  f ,  of 
Prague.  It  was  performed  by  means  of  two  refmous  plates  like  chofe  of  the  common 
cleJirophore,  and  one  metallic  pjate  with  an  infulating  handle.  When  one  of  the  refinoui 
plates  had  been  (lightly  nibbed,  it  was  ufed  to  produce  the  oppoCte  eleflricity  in  the  ne-^ 
iallic  plate.  This  plate  was  then  conveyed  to  the  other  refmous  plate,  and*  made  to  de- 
poGt  its  electricity  by  applying  its  edge,  or  otherwife>  to  the  non- conducing  furface.  The 
hft-mentioned  furface  could  then  be  ufed  in  the  ordinary  manner  to  give  an  t\t€tT\c\tf 
to  the  metallic  plate  of  the  fame  kind  as  that  of  the  original  re(inous  furface,  to  which  it 
was  again  applied  by  the  edge.  The  elcAricity  of  the  firft  refinous  plate  became  thus  in* 
creafed,  and,  by  the  firft^menttoned  procefe,  the  metallic  phte  was  returned  to  the  other  refi* 
nous  furface  in  7t  higher  ftate  of  ele£lrizaiion.  By  a  repetition  of  thefe  manoettVTes>  the  twa 
plates  were  fpeedily  put  into  as  high  a  (tate  of  elefiricity  as  they  were  capable  of  retaining* 

An  accidental  ctrcumftance  dire£ted  the  attention  of  ProfeObr  Volta  to  the  advantages 
which  might  be  derived  from  the  increafed  ele£i:rical  capacity  of  the  metallic  plate  of  the- 
ck£lrophore,  when  placed  not  upon  the  reiinovis  plate,  but  on  an  imperfeAly  condu£ling 
fobftance  %.  If  the  laft-mentioncd  fubftance  were  a  good  condu£lor,  it  wouM  at  fome  part 
Df  its  furface  be  fo  far  in  conta£l  with  the  upper  plate  as  to  carry  ofi^  any  ele£bicity  com- 
municated to  this  laft;  and  if  it  were  a  non-condu£lor,  it  might,  and  in  moft  eafes  probabljr 
would,  poffcfs  an  ele£iric  ftate  of  its  own  which  would  influence  that  of  the  upper  plate* 
But  the  imperfeA  conductor  will  not  readily  produce  the  firft  effed^  and  is  incapable  of 
the  latter.  It  therefore  ferves  only  to  afiiime  the  contrary  ftate  of  the  upper  plate  when- 
ever ele£tricity  is  communicated  to  this  laft,  and  renders  it  fufceptible  of  abforbing  a  mu'ch 
greater  quantity  thad  it  elfe  could  have  done  ;  the  nature  and  intenfity  of  which  becomes  per- 

^^  Journal  de  Rozier,  January  1780^  p.  20. 
t  Philofopbical  Tranfaitions,  LXVIII.  p.  lOi^* 
X  Jourxul  de  Fhyfi^ue  for  May  and  Auguft  178$,  and  alio  tke  Pbilofophicai  TranfaAiont,  Vol.  LXXII. 
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reptibk  when  tlie  plate  i«  lifted  up.  Mr.  Cavallo  improved  this  inftrument,  bj  commuoir 
cacing  the  ele^ricity  of  the  metallic  plate,  when  raifed  up,  to  another  plate  of  the  fame  kindy 
but  much  fmalleri  and  in  conta£l  with  an  imperfeftly  condu£ling  furface.  And  the  Rer. 
Mr.  Bennett  adapted  tlie  fame  to  his  electrometer  *".  This  is  the  condenfer  of  Volta;  and 
the  imperfectly  condufling  plate  may  be  a  piece  of  dry  marble,  or  a  common  wooden  table, 
or  any  kind  of  plate  covered  with  thin  filk. 

Mr.  Bennett  was,  I  believe,  the  firft  who  improved  the  condenfers  of  Volta,  by  making 
tife  of  a  RKmipulation  (imilar  to  that  of  the  Profeflbrs  Lichtemberg  and  Kltncock*  His 
inftrument,  called  the  doubler,  confills  of  three  metallic  plates,  capable  of  being  applied  to 
€ach  other  with  their  flat  furface,  but  prevented  from  conta£l  in  this  fituation  by  a  thin 
coating  of  varniOi.  They  have  infulating  handles  at  the  fide,  and  may  be  brought  into  a^ual 
contact  edgewife.  Let  the  three  plates  be  called  A,  B  and  C  \  and  the  manipulation  for  ia- 
creafing  the  intenftty  of  one  of  them,  for  example  A,  will  be  as  follows  : 

The  plate  A  being  ihfulated,  place  B  upon  it.  In  this  fituation  communicate  ele£lricity 
to  it,  while  B  is  touched  with  the  finger.  The  confequence  will  be,  that  A  will  receive  a 
much  larger  quantity  of  ele£tricity  than  it  would  elfe  have  abforbed  if  B  had  not  been 
j>refent. 

.Remove  the  commrunication  from  A^  and  the  finger  from  B,  and  raife  the  latter  by  its 
ittfulating  handle.  A  and  B  will  then  exhibit  the  oppofite  elet^ric  dates  more  flrongly 
than  while  together.. 

Place  C  upon  ^^  and  touch  C  with  the  finger*  It  will  aiTume  the  oppofite  ftate  to  B,  or^ 
in  other  words,  the  fame  (late  as  A. 

Place  B  upon  A,  as  before^  touching  B  with  the  finger )  and  at  the  fame  time  apply  C 
edgewife  to  A.  In  this  fituation,  C,  being  without  compenfation,  will  give  the  greateft 
part  of  its  eieftricity  to  A. 

Remove  C^  take  the  finger  from  B,  and  fcparate  B  from  A.  The  oppofite  electricities 
wiU  be  ftronger  than  before,  on  account  of  the  increafe  afforded  by  C. 

Place  C  upon  B  again,  as  in  the  third  (lage  of  the  original  procefs,  and  repeat  the  fuh- 
fequent  manipulations.     In  each  of  them  the  intcnfitiesof  A  and  B  will  be  nearly  doubled. 

Though  this  procels  is  fimple  and  evident,  yet  it  requires  to  be  learned,  and  takes  a  cer- 
tain time  for  the  perfprmance.  It  therefore  appeared  a  definable  objed  to  form  an  inflru- 
ment  which  (hould  by  fome  very  fimple  movement  complete  this  fmall  feries  of  operations* 
In  the  month  of  December  1787  Mr.  Part'injton  lent  me  an  inftrument  contrived  by  Dr. 
Darwin,  and  confiiling  of  four  meuUlc  plates,  two  of  which  were  moveable  by  wheel-work 
.into  pofitions  which  required  them  to  be  touched  with  the  hand  in  order  to  produce  the 
efie£t.  It  appeared  to  me  that  the  whole  operation,  including  the  touijiing,  might  be  done 
•by  a  fimple  combination  without  wheel-work  by  the  direct  rotation  of  a  winch.  This  was 
foon  afterwards  effected,  and  communicated  by  me  to  the  Royal  Society  in  the  ]^r  I78l}. 

*  ^^  ' 

The  inftrument  is  alfo  defcribed  in  Mr.  Bg^inett's  New  Experiments  on  Ele^rifityjfuhixOticd 
in  1789,  and  in  other  books  : 

Mr.  Bennett  and  Mr.  Cavallo  obferved,  foon  after  the  difcovery  of  the  doubler,  that  *  it 
never  fails  to  exhibit  an  electric  ftate  by  the  mere  operation,  without  any  comn^unicatioo 

•  Piulofi>phical  Traalsaioiis,  LXXVIt  p.  31. 
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of  cle£lriclty  having  been  previouDy  made.  The  former  made  fcvcral  valuable  obferva- 
tions  and  experinienls  to  mvcfiigate  the  caufcs  ar|l  remove  ihe  uncertainty  produced  by 
this  fpontaneous  cleflricity  j  and  the  latter  prefenied  to  the  Royal  Society  *  an  account  of 
a  new  inflrument  called  a  colle£lor  of  clcflricity,  in  which,  as  he  aflertSj  this  imperfcGion 
does  not  take  place.  It  confifts  of  a  plate  of  tin,  fupported  by  two  upright  fticks  of  glafs  ; 
on  each  fide  of  wliicli  plate  arc  two  frames  of  wood,  covered  wiih  gi!t  paper,  which  do  not 
touch  the  tin  plate,  but  (tand  parallel  to  it  at  a  fmall  diilance.  Thefe  frames  are  faftened 
to  the  platform  of  the  inftrument  by  hinges;  fo  ihai  if  cleflriclty  be  communicated  to  the 
plate,  it  will  receive  a  large  qnaiitiiy  without  any  confidemble  tntenfity,  becaufe  ita  capacity 
is  much  augmented  by  the  vicinity  of  the  plane  of  gilt  paper  on  each  fide.  But  if  the fc 
planes  be  thrown  back  into  the  horizontal  polition,  which  is  eafily  done  by  means  of  their 
hinges,  the  clcOricity,  which  before  was  compenfated  in  the  plate,  will  have  its  intenlity 
greatly  increafed.  An  eleclrometer  conneflcd  with  this  plate  will  therefore  (hew  figns  of 
elcQricity  by  means  of  a  communication  made  between  a  large  (lock  of  eleflricity,  and  the 
tin  plate  in  its  firft  pofition,  though  the  IntenGty  of  that  (lock  may  have  been  .too  fmall  to 
liave  afTefled  the  elc£lrometer  without  this  contrivance- 
It  does  not  appear,  in  the  author's  defcription  of  this  inllroment,  that  it  remoTe« 
the  equivocal  clfeft  of  the  doubler ;  for  it  is  evident  that  it  docs  not,  in  its  (imple  pro- 
cefs,  enter  the  province  of  the  doubler  in  which  this  effcA  takes  place.  The  doubler 
requires  fix  or  fevcn  turns  before  It  will  exhibit  fpontaneous  eleflricity  ■,  at  which  period 
lhe  firft  charge  is  magnified  above  twelve  thoufand  times  ;  but  his  fimple  inftrument  will 
fcarcely  exceed  one  hundred  times,  and  therefore  requires  the  elei^ricity  to  be  one  hundred 
and  twenty  tinges  as  ftiong  as  that  which  caufcs  the  uncertainty  of  the  doubler.  Whence  it 
may  be  inferred,  that  tht  doubter  would  have  aclcd  unequivocally  with  all  fuch  eleftricitiet 
as  this  inflrument  is  capable  of  exhibiting. 

But  the  fpinning  inllrument,  as  Mr.  Cavallo  in  the  foregoing  letter  juHIy  obferves,  does 
nothing  more  than  collefl  a  confiJerablc  quantity  of  dilFufed  eleftricity  into  a  fmall  compafs, 
(hough  it  does  not  appear  to  be  exaflly  the  fame  oiBce  as  is  performed  by  M.  Volta's  con- 
denfer,  or  his  collector,  as  dcfcribed  by  their  refpedlive  inventors-  For  thofc  inflrumcnts, 
if  very  fmall,  may  exhibit  very  little  intcnfity  in  conjuntlion  with  an  eleflrometer  of  con- 
fideralilc  fnrface  i  whereas  the  fpinning  inftrument,  belides  its  facility  in  performing  the 
operations,  maylse  confidered  as  poirelTing  a  furface  indefinitely  great.  Thcfc  advantages, 
fuch  as  they  arc,  conftitute  all  the  difterence  l  perceive  between  them. 

Mr.  Cavallo's  multiplier,  dcfcribed  in  the  third  volume  of  his  Complete  Treattfe  on  Elec- 
tricity, which  I  had  miflakenly  compared  with  the  fpinning  inftrument,  confifts  of  four  me* 
tallic  plates,  A,  B,  C,  and  D.  The  plate  A  is  fupported  on  a  fticlc  of  glafs  fixed  in  the 
platform  of  the  inftrument-  The  plate  B  is  alfo  fupported  on  a  ftick  of  glafs  which  is  fixed 
on  a  radius  or  arm,  by  means  of  which  it  can  be  brought  very  near  and  parallel  to  A,  and 
again  removed,  fo  as  to  touch  the  third  plate  C,  by  means  of  a  wire  projefling  from  B. 
The  plate  C  is  fupported,  like  A,  by  a  ftick  of  glafs  fixed  in  the  platform.  And,  laftly,  the 
plate  D  is  fixed  by  a  metallic  ftcm  upon  a  fliding-piece,  by  means  of  wliich  it  can  be  brought 
Tcry  near  and  parallel  to  C,  and  occafioaally  removed. 

•  Pkilofophical  Trantftiont  for  ijM. 
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'  The  operation  is  this  >— Let  B  be  brought  as  near  to  A  as  the  conftruAion  will  admit* 
In  this  cafe  It  muft  be  remajked  that  the  wire  proceeding  from  B  will  touch  another  wire 
that  communicates  with  the  eartli.  Let  ele&ricitj  be  then  communicated  to  A.  The  plate 
A  will  receive  about  one  hundred  times  as  much  electricity  when  B  is  thus  applied  at  about 
i-4oth  of  tn  inch  diftance,  than  it  would  have  otberwife  acquired  at  a  like  intenfity,  and  B 
will  poflefs  the  contrary  date  nearly  equal.  Let  B  then  be  removed  fo  as  to  come  in  conta£l 
with  Cy  of  which  the  capacity  is  no  lefs  increafed  by  the  vicinity  of  D*  The  ele^ricity  of 
B  will  be  ihared  between  itfelf  and  C  in  proportion  to  their  capacities  \  that  is  to  fay^ 
about  99  parts  in  C,  and  i  in  B.  At  the  next  repetition  B  will  bring  100  parts,  whichy 
together  with  the  99  parts  in  C|  will  be  (hared  in  the  (ame  manner ;  that  is  to  fay,  197  in  C^ 
and  a  in  B»  In  this  manner,  without  entering  into  the  confideratipn  of  feries  where  the 
data  cannot  pretend  to  minute  accuracy,  it  is  clear  that  the  procefs,  indefinitely  prolonged^ 
can  never  produce  a  greater  charge  in  C  than  100  times  the  quantity  conveyed  at  each 
(ingle  motion  by  B ;  that  is  to  fay,  100  X  100  times,  or  10,000  times  the  intenfity  of  the 
original  oppofite  eledricity  given  to  A,  provided  D  be  drawn  back  to  leave  C  in  a  difen- 
gaged  ftate* 

It.has  always  appeared  to  me  that  the  doubtful  refults  of  the  doubler  muft  arife  from  the 
natural  or  fpontaneous  ftate  of  the  plates  A  and  B,  at  their  firit  conjun£lion.  If  this  charge 
be  too  ftrong  to  be  deftroyed  by  the  energy  of  the  communicated  ele£lricity,  the  doubler 
muft  in  the  refult  (hew  the  fame  ele£irictty  as  it  would  have  (hewn  without  fuch  communi* 
cation,  though  fbmewhat  later.  And  if  the  fame  circumftance  were  to  obtain  in  the  plates 
A  and  B  of  Mr.  Cavallo's  laft  inftrument,  or  any  other  contrivance  operating  by  a  charge, 
I  do  not  fee  but  that  the  refults  muft  be  equally  uncertain.  If  the  eledricity  of  13,  inftead 
of  being  accumulated  in  C  of  the  multiplier,  had  been  employed  to  produce  the  contrary 
ftate  injiy  and  thence  by  communication  to  A,  as  in  the  doubler,  it  does  not  appear  that  any 
uncertainty  could  follow,  provided  only  that  the  firft  effeft  of  the  conjun£lion  of  A  and 
B  had  been  governed  by  the  communicated  ele£lricity*  And  if  this  reafoning  be  true,  it 
will  foUow  from  that  and  the  fa£ls,  that  the  uncertainty  of  the  doubler  exifts  alfo  in  the 
condenfer,  the  coUe£lor,  the  fpinning  inftrument,  and  the  multiplier,  though  the  firft-men^ 
tioned  inftrument  alone  is  deUcate  enough  to  ihew  it ;  and  that  in  all  ele£lriciries  which 
are  ftrong  enough  to  afie&  any  of  the  htter,  the  doubler  may  be  ufed  without  fear  of  an 
equivocal  refult* 


T> 


III. 

on  certain  Methods  rf  Economy  and  Improvemefd  in  the  ManufaBure  of  Hats. 

By  Citizen  ChaVSSJER  \ 


HE  progrefs  of  the  arts  has  been  long  retarded  by  prejudice,  and  the  ferrile  difpofition 
which  attaches  itfelf  without  enquiry  to  the  ancient  pra£lices  of  bufine(s ;  and  more  particu* 
larly  by  the  fpirit  of  individual  intereft  and  fufpicion  which  have  prevailed  among  artiftt,  and 
induced  them  to  conceal  their  operations  under  a  kind  of  myfterious  reil.    By  this  meant 

*  Journal  Polytcckniqpe,  cakicr  l»  p.  x6o, 
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the  knowledge  of  the  arts  was  in  a  great  meafure  confined  to  thofe  who  a^iuallj  pra£lired 
diem.  Error  was  propagated  under  the  (hade  of  fecrecy,  at  the  fame  time  that  ufeful  pro- 
cefles  and  improTements,  which  fortunate  experiments  had  difcovered)  were  alfo  confined 
to  the  Hmits  of  individual  works,  beyond  which  they  were  never  extended.  At  prefent,  liow- 
ever,  the  arts  cannot  but  participate  in  the  falucary  reform  which  has  taken  place  on  the  fori 
of  equality.  Every  effort  ought  to  b^  direfled  to  the  fame  obje£l,  and  every  petty  intercft 
ought  to  be  facrificed  to  the  public  welfare.  Thofe  myderious  refervationsi  thofe  ptaftices 
fo  carefully  concealed  under  the  name  of  fecrets,  ought  to  be  difclofcd.  The  means  of 
amelioration  and  improvement  ought  not  to  remain  concentrated  in  any  particular  work« 
(hop.  As  foon  as  experience  (hall  have  confirmed  their  efficacy,  they  ought  to  become  the 
public  property  *•  Thefe  confiderations  induce  me  to  point  out  certain  proccfles  relative  to 
the  art  of  the  hatter,  which  for  fome  time  paft  have  been  employed  with  much  fuccefs  in  a 
large  manufaftory  in  the  department  of  La  Cote  d'Or. 

The  art  of  the  hatter  is  well  known  to  confift  of  a  method  of  forming,  with  the  wool  or 
fur  of  difierent  animals,  a  kind  of  fluff  of  a  denfe  compa£l  texture,  capable  of  afluming  and 
pFcferving  any  figure  which  may  be  given  to  it.  To  obtain  this  obje£l  a  variety  of  procefles 
are  employed,  partly  chemical  and  partly  mechanical,  which  may  be  reduced  to  four  prin- 
cipal operations;  namely,  felting,  fuHing,  dyeing,  and  preparation. 

I  (hall  not  here-dcfcribe  the  operation  of  felting,  nor  the  previous  preparations  which  fe«* 

▼eral  kinds  of  hair  demand  in  order  that  they  may  be  ufed  in  manufa£tures.    This  would 

lead  us  too  far  from  our  prefent  objeA,  and  would  be  merely  a  repetition  of  what  is  gene-* 

rally  well  known ;  efpecially  fince  the  publication  of  the  interefting  memoir  f  of  Citizen 

Monge^  in  the  fixth  volume  of  the  Annales  de  Chimie.         % 

I  fliaU 

^  The  learned  auttior  has  been  carried  a  iittle  too  far  by  attending  to  one  iide  of  the  qucfHon  only.  K^o 
private  property  can  be  better  grounded  than  a  man*s  right  to  tlie  rcfults  of  his  own  intelleA;  and  there  is  none 
that  he  can  better  defend.  How  far  the  pubiic  aiay  acquire  a  right  of  the  kind  here  inentioRed,  by  propoiiog  ai 
adequate  equivalent  for  individual  exertioni  aid  expence,  is  a  queftion  af  great  dificalty,  whether  it  be  monll/ 
or  politically  confidcred.    N. 

f  At  this  menDoir  is  not  generally  known  in  England,  it  will  be  uiieful  to  infcit  an  abftra6^  ia  this  place. 
Annales  de  Chitnie,  VI.  39c. 

t.  When  aiingle  hair  is  iniTpef^ed  by  the  microfcope,  Vindcr  whatever  magnifying  power,  it  appean  fmooth 
and  polifhed  :  a.  Yet  ic  is  certain  that  the  furface  is  not  equally  fmooth  when  rubbed  in  'diffBrent  longitudinal 
direftionsy  but  is  eompofed  either  of  fcales  like  thofe  of  fi(h,  or  imbricated  zones  like  the  horns  of  animals. 
For,  3.  when  a  hair  is  held  by  the  root,  and  drawn  between  the  £nger  and  thumb,  there  is  little  fri^ion,  and* 
no  noife  -,  but,  on  the  contrary,  when  it  is  held  by  the  point,  and  drawn  in  the  oppofite  direfiion,  the  refinance 
<is  more  confiderable,  the  motion  tremulous,  and  attended  with  a  chirping  noife.  And  again,  4.  If  an  hair  be 
lield  between  the  finger  and  thumb,  aad  rubbed,  by  alternately  moving  them  in  the  dhne^oo  of.ica  (leagthiL  a 
progreffivc  morion  will  be  produced,  which  is  aiways  with  the  root  end  forcmoft.  5.  The  fame  ftru6ture  may 
be  (hewn  by  tying  two  hairs  together,  and  then  giving  the  knot  a  few  blows  between  the  palms  of  the  handfli 
for  the  knot  will  either  untie  itfelf,  or-draw  doiert  accordingly  as  the  afperities  of  the  lurfacet  are  placed  in  the 
tying.  4#  From  this  mechanifm,  which  is  contmoM  te  wool  and  txery  other  kind  of  hair,  may  be  deduced  the 
harlh  feel  of  woollens  ^inil  the  &in  compared  with  linena»  and  their  irritatixig  eflfe^  upon  wounds.  7.  It  i< 
the  difpolition  to  progreifivc  morion  end  wife  which  cau(es  ^hair  to  jentangle  and  felt  itfelf  together,  when  prefled 
by  the  hattcr  between  two  linen  cloths;  to  which  laft  they  do  hot  unite,  becaule  its  fibres  are  fmooth.  «.  Cut 
hair  is  better  than  fuch  as  is  plackcci,  becaufe  the  bulbous  roots  of  the  latter  prevent  the  yrogrelfive  motion. 
«,  The  6brcs  of  wool,  being  crooked^  mud  naturally  move  in  curve  lined  directions;  but  thofe  of  the  hare,  the 

rabbity 
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I  (hall  confine  myfelf  to  the  obfervation,  that  a  workman,  by  means  of  the  bow,  beats» 
fpreadsy  and  diftributes  equally  in  fmail  flocks  upon  a  plane  furface  the  quantity  of  wool 
he  has  felecled :  that  he  then  covers  it  with  a  linen  cloth  (lightly  <noiftcned|  and  by  means 
of  a  gradual  preflure  in  every  dirediion  he  conneAs  the  different  fibres,  which,  by  inter- 
twining and  eroding  each  other,  form  a  piece  of  (luff*  of  a  foft  and  fpongy  texture.  Upon 
this  firft' piece  he  applies  another  formed  in  the  fame  manner,  and  fometimes  a  third  or 
fourth^  according  to  the- nature  of  the  materials,  ind  the  intended  thicknefs  and  confidence 
of  the  work.  Thefc  different  pieces  are  fucceflively  brought  together,  and  difpofed  in  a  form 
fuitable  to  the- article*  he^propofes  to  fabricate;  and,  in  order  to  effeft  the  cohefion,  he  ufes 
a  number  of  preffurcs  aitd  alternate  motions  in  diffVrenc  dire£tions,  during  which  he  pre- 
ferve^  the  fupplenefs  and  flexibility  of  the  material  by  flight  afpcrfions  of  warm  water. 

This  work,  whtcb  is  entirely  mechanical,  forms  the  felt^  which  is  a  kind  of  foft  fpongy 
ftuff^,  of  greater  or  Icfs  thicknefs,  and  in  its  firft  ftate  of  a  loofe  imperfeA  texture.  The  fibres 
it  is  compofed  of,  are  yet  weakly  connedled,  and  would  foon  difunite  again.  In  order  to 
give  the  rcquifite  denfity  and  confidence,  it  is  nec;c(rdry  that  it  ffiould  undergo  the  operation 
of  fulling. 

This  operation,  which  is  in  a  certain  refpefl  the  completion  of  felting,  has  for  Its  obje^is 
the  intimate  connexion  of  the  fibres,  and  a  moreperfed  and  durable  cohefion  of  the  whole 
mafs.  But  for  this  purpofe  tlie  mere  mechanical  a£t  of  preflure  is  infuflicient.  In  this  way 
the  refult  would  be  a  formlefs  mafs,  without  confidence.  Experience  has  long  ffiewn,  that 
for  the  fulling  it  is  neceflary  to  make  ufe  of  a  bath  of  water  heated  nearly  to  ebullition, 
into  which  are  put  ten  or  fifteen  pounds  of  lees  of  wine  (lie)  for  each  hundred  pounds  of 
water.  The  heat  is  kept  up  during  the  whole  time  of  working,  and  every  three  or  four 
hours  a  new  quantity  of  lees  is  added* 

Into  tiiis  bath  the  workmen  plunge  their  felt,  and  begin  their  fecond  procefs.    The  felt 

rabbit,  and  the  beaver,  being  ftraighr,  caanot  be  ufcd  alone  in  felling  till  after  a  previous  operation,  which  conHftt 
in  rubbing  them  with  a  nitrous  folution  of  mercury,  by  means  of  a  brufli,  before  they  are  fcparated  from  the 
ikin.  The  folution,  acting  on  one  fide  of  the  hairs  only,  renders  them  crooked,  to.  The  ftr&ight  hairs  are  ufed 
for  facing  hats,  in  which  operation  the  a6tion  mud  be  continued  for  a  determinate  time  only,  otherwife  they 
would  pafa  thcough  and  come  out  on  the  oppofite  fide.  11.  The  dirpofitton  of  wool  to  felr  itfeJf  is  an  iropedi- 
ncnt  to  the  carding  and  fpinning  proccHcs;  in  which  the  operators  thcrefoi-e  ufe  oil,  which  diniinilhss  tlie  power 
of  the  hairs  to  a^on  each  other.  11.  But  at  the  fuliing-mill  t'oap  and  marie  are  ufc^l,  which  carry  off  the 
oil,  and  reHorc  the  wool  to  its  former  ftate ;  in  confequence  of  which  the  fulling  procefs  takes  place,  and  rtie 
cloths  are  rendered  narrower,  Ihortcr,  clofer,  ftrongcr,  and  thicker.  13.  The  balls  of  hair  in  the  llomachs  of 
certain  animals  which  lick  one  another  are  felted  by  the  action  of  the  ftomach.  14.  To  wliich  1  may  add,  that 
a  (imilar  caufe  is  the  chief  reafon  why  beds  of  cock  Jkid  hen  feathers  are  iaferior  to  thofe  of  goofe  feathen. 
The  litter  being  much  ftraighter  do  not  form  the  ]iar4  flat  W\U  which  abound  in  the  former.  If  a  mschinc 
were  conllruflcd  eiiher  to  cut  oft'  the  quill  part  of  cock  and  hen  fathers,  or  to  brck  the  flcro  in  direc  or  four 
places,  it  would  probably  render  the  article  of  much  more  value.  This  UH  operation,  might  be  done  by  two 
fluted  cylinders.    N. 

'■  Felt  may  be  ufefiilly  employed  in  a  variety  of  objcfts.  Some  time  ago  an  ariift  imagined  it  might  be  ap- 
plicable to  the  folcs  of  ihoes,  and  made  feveral  pair.  They  were  of  good  ufe  in  dry  weather;  bur,  notwith- 
Uanding  his  having  placed  a  refinous  I'ubilancc  between  the  inner  and  outer  fole,  they  eafily  abforbcd  moifture, 
iiul  became  heavy  and  unpleafant.  But  it  nny  be  pradlicable,  by  a  farther  attention  to  the  fubjcct  and 
new  expedients,  to  give  more  conipa£tuefs  and  lefs  permeability  to  the  felt.  The  trial  dcfcrve*  to  be  made  ) 
ior  wliich  reafon  I  have  mentioned  it  in  this  place.     C. 
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is  dipped  in^  and  immcdiatelf  again  taken  out  and  fqveeaed  bended  aiNl  felled)  hf  preCiire 
indifferent  direflions,  fometimes  with  the  hand  defended  by  leather,  ^nd  fomeinnes  fay 
means  of  a  roller  or  other  fiinilar  inftramcnt..  The  immerfion  and  working  of  the  felr  is 
repeated,  and  the  operation  continued  until  the  (toff  ia  welt  coadenfed,  and  hae  acquired 
the  requiiite  folidxty. 

Such  are  the  proccfies  ufed  in  manufa£h>rie8,  and  they  conftitute  the  whole  of  what  is 
explained  in  the  Defcrrpthn  dis  Arts^  and  in  the  new  edition  of  the  Bmyhptttie  Metliodiqttt. 

Since  the  operation  of  fulling  is  employed  to  form  a  denfe  and  compaA  ftuflf  with  the 
fibres  or  hairs,  and  to  determine  the  intimate  cohefion  of  its  component  parts;  and  fince 
the  mere  mechanical  operation  is  not  fuffictent  for  this  purpoie,  e?en  with  the  affiftance  of  a 
water-bath  at  the  boiling-heat,  without  the  addition  of  the  lees  as  »  neeeSnry  condition  ;«• 
this  Uft  mull  be  confidcred  as  a  chemical  folvcnt,  which  a£ls  direAly  on  the  fubftance  of  the 
hairs  themfelves,  and  produces^  either  by  fofteningev  fwelUng  them,  aH  alteration  neceflary 
to  infure  the  cohefion  of  the  different  fibres  of  the  (tuff.  But  the  lees  being  compofed  of 
the  mucilaginous  and  colouring  parts  which  are  feparated,  together  with  a  great  quantity  of 
tavtar,  or  the  acidulous  tartrite  of  pot-afli,  it  became  neceflary  to  afcertain,  in  a.pofitive 
manner,  what  migl^t  be  the  principle  of  its  action. 

The  editot  of  the  Encyclopedic  has  not  hefitated  to  afiirm,  tRsrt  it  isthe.alkali  or  pot-afh 
of  the  lees  which  determines  the  fulling.  But  in  order  to  (hew  how  erroneous  this  ailertion 
is,  nothing  toore  is  neceflary  than  to  dip  a  piece  of  blue  paper  into  the  bath,  by  which  the 
former  becomes  inllantly  red  ;  and  if,  after  feveral  hours  work,  the  (brte  of  the  bath  be 
again  examined,  it  is  found  that  the  acidulous  tartrite  of  pot-a(h  is  partly  exhaufted,  and 
the  workmen  foon  perceive,  from  the  di(fi€ulty  of  continuing  their  work,  that  a  new  quan* 
tity  is  required  to  be  added.  And  again,  if  we  confider  the  fparing  (blubiKty  of  the  acidulous 
tartrite  of  pot-afii  in  cold  water,  it  is  eafily  feen  why  in  this  procefs  the  water  rauft  be  kept 
nearly  boiling.     Whence  it  is  evident  that  it  muft  z€t  by  the  portion  of  acidule  it  contains. 

This  firft  obfenration  induced  me  to  think  that  the  fulphuric  acid  might  be  advantageouflv 
fubftituted  in  the  place  of  the  lees  \  and  as  twelve  pounds  of  lees  are  ufually  added  to  one 
hundred  of  water,  I  eftimated  by  approximation  that  one  gros  of  fulphuric  acid  would  be 
equivalent  to  at  leaft  one  pound  of  the  lees,  and  confequently  that  twelve  gros  of  fidphuric 
add  would  be  fufficient  for  one  hundred  pounds  of  water. 

Experiment  foon  confirmed  my  conjeftures  ;  and  after  a  firft  trial,  which  the  manufac- 
^  turer  did  not  confent  to  make  without  trepidation,  it  was"  afcertained  that  the  ufe  of  the 
fulphuric  acid  is  greatly  to  be  preferred  to  that  of  wine-leesj  that  it  is  not  only  much  more 
economical,  but  ftill  more  convenient  in  the  ufe  \  and,  what  is  ftill  more  important,  the 
health  of  the  workman  is  not  injured  by  the  excefs  and  duration  of  the  heat,  the  thick  va<- 
pours,  and  the  difgufting  odour  which  exhales  from  the  bsjth,  particularly  when  the  le^s 
have  been  altered  by  mouldinefs  and  putrefadion,  which  iS:  very  common  in  thefe  manu* 
fa^oriea  *. 

*  I  cannot  avoid  mentioning  a  fmall  incoATenience  which  \«;as  experienced  the  firft  time  the  fulphuric  acid 
was  ufed.  A  bottle  was  filled  with  the  quantity  rcquifite  for  the  bath  intended  to  be  made  ufe  of;  and  at  the 
acid  was  poured  out  from  fomc  height  without  any  precaution,  fome  drops  were  difperfed,  which,  falling  on 
the  hands  or  clothes  of  the  operator,  occafioned  fpots  by  corrofion.  To  avoid  this,  it  is  only  required  that  the 
bottle  (hould  be  plunged  in  the  bath,  and  its  contents  poured  «ut,  fo  as  to  occafion  no  Icattering  of  drops.     C. 
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lid  fiiA,  wheil  the  (ulphuric  »cid  is  employcdi  it  is  ufelc&  to  keep  tlie  bath  nearly  boilings 
as  was  formerly  done,  A  degree  of  heat  of  twenty-five  or  thirty  degrees  (90*^  or  100* 
«f  Fahrenheit)  is  fuficiest  for  good  fulling*  The  faving  of  fuel  is  an  objeft:  of  importance 
in  mariufa^tories  1  and  as  very  little  fire  is  necefiary  when  fulphuric  acid  is  ufed,  cauldrons 
ef  lead  may  be  fubftituted  inftead  of  copper  boilers,  the  firfl:  coft  and  annual  repair  of  which 
are  very  confideraUe. 

The  felts  prepared  by  the  new  procefs  are  alfo  of  a  very  fuperior  quality  to  thofe  which 
liave  been  worked  in  the  bath  trith  wine-lees.  In  fa<Sl,  the  oaucilaginous  and  colouring 
matters  of  the  leesi  which  are  fufpended  in  the  bath^  penetrate  the  texture  of  (he  ftufF^  and 
adhere  with  ihore  or  lefs  force ;  and  when  after  having  pafled  the  hats  through  the  dye  they 
are  beaten,  a  fine  black  duft  flies  off  in  great  abundance,  which  not  only  Mi^eakens  the  texture 
of  the  felt,  but  by  diffufing  itfelf  through  the  manufaAory  greatly  incommodes  the  workmen^ 
and  frequently  occafions  coughs  and  diforders  of  the  throat. 

The  manufaAurer,  accordingly,  who  made  this  fird^ial,  continues  to  employ  it  in  pre* 
(Snrence  to  the  old  procefs;  and,  according  to  his  report,  the  advantages  are  incalculable  :* 
**  Hats  felted  in  this  manner^"  fays  he,  in  one  of  his  letters,  *'  are  not  only  clear  of  the 
powder  which  abounds  in  the  others,  but  they  take  the  dye  better,  tk  s^efarrent  mieux,  and 
are  cleaner.  The  workman  has  not  his  bath  fo  hot,  which  is  to  him  a  convenience  no 
lefs  valuable  than  the  favmg  of  fuel  to' the  mailer. 

Befides  thefe  advantages,  the  wine-lees  formerly  made  ufe  of  by  the  hatters  in  large  quan- 
tities will  remain  (ot  ether  ilfes,  in  the  fabrication  of  (altpetrc,  foft  foaps,  and  for  other  de« 
(irable  purpofes  *♦ 

When  I  had  afcertained  that  the  fulling  of  hats  was  principally  determined  by  the  por*^ 
tion  of  acid  which  exifts  in  the  lees,  I  determined  to  fubftitute  the  oil  of  vitriol,  or  fulphuric 
acid,  becaufe  it  is  found  in  the  market  at  a  reafonable  rate.  But  though  all  the  acids  have 
common  properties  in  which  they  refemblc  each  other,  they  have  alfo  others  by  which  each 
is  peculiarly  diftinguifhed.  li  would  therefore  be  of  importance  to  examine,  among  the 
numerous  clafs  of  acids,  whether  fome  one  might  not  have  a  mote  ditcQ,  i&ion  upon  the 
fluff  than  any  of  the  others,  fo  as  to  (horten  the  labour,  without  prejudice  to  the  article  or 
the  economy  <)f  its  preparation.  Could  not  acid  liquors  be  prepared  in  the  manufaflory  itfelf, 
by  fermenting  bariey,  or  bran,  or  fome  fuch  material  ?  This  is  an  objciS  of  rcfcarch,  to  Which 
we  may  invite  manufaQurers,  and  others  who  are  attached  to  the  cultivation  of  the  arts. 

I  (hall  not  here  dcfcribe  the  proceffes  of  dyeing.  In  the  manufaflory  of  La  Cote  d'Or,  the 
nut-gall  is  not  ufed ;  and  oak-bark  has  been  fubftituted  with  advantage  :  but  thefe  methods 
are  known,  and  have  been  already  publiftied.  I  proceed  to  the  fourth  and  lad  operation  of 
hat-making. 

It  conCfts  in  lining  tlie  inner  furface  of  the  crown,  as  well  as  of  the  brim  of  the  hat,  with 
a  glutinous  fubftance,  which  in  drying  gives  firmnefs  to  the  work,  and  preferves  M  form. 
The  ufual  compofition  is  made  of  gum  arable,  common  gum,  and  Flanders  glue;  which. are 

«  The  fulphuric  acid,  more  or  left  diluted  with  water,  might  be  advaotagcoufly  iifcd  in  many  of  the  arts. 
Thus  the  brazien  vfually  employ  lees  to  clean  and  brighten  their  work  ;  and  mo^k  certainly  they  would  obtain 
ftie  fame  eSe£t  b/  (imply  dipping  the  piece  in  water  flfghtly  acidulated  with  fulphuric  acid,  which  would  alfo 
jjre  tJiem  the  trouble  of  rubbii^g  thb  work  for  a  long  time,  as  they  are  obl^ed  to  do  when  they  ufe  lees,  &c    C. 
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dllToIved  together  in  a  fuf&cient  quantity  of  water,  and  brought  to  the  reqainte  thicknefs  1)]r 
boiling. 

This  preparation,  fimple  and  eafy  a$  it  appears,  is  not  indiflferent  with  regard  to  the 
beauty  and  duration  of  the  work.  If  it  be  too  tenacious,  it  renders  the  ftufF  dry  and  brittle, 
and  after  fome  months' ufe,  a  kind  of  greyifh  incruftation  is  formed  on  the  furface,  which 
alters  the  texture.  It  appeared  to  me,  that  this  effe£t  was  caufed  by  the  gum  arabic  which 
is  added  to  the  glue.  I  therefore  fought  among  tlie  plants  of  our  own  country  for  a  fimple 
preparation,  which  might  be  fubflituted  inflead  of  thefe  natural  and  friable  gums.  The  mu« 
cilaginous  principle  abounds  in  a  great  number  of  plants,  and  may  be  eafily  extraAed  by 
ebullition ;  and  a  gum  may  even  be  formed  by  evaporation,  which  preferves  its  fupplenefs 
and  flexibility.  Thefe  condderations  induced  me  to  recommend,  inftead  of  the  ufual  pre- 
paration, a  fokition  of  glue  in  a  dccoAion  loaded  with  the  mucilage  of  linfeed-oil.  This 
preparation  has  long  been  ufed  with  economy  in  the  manufaAory,  and  advantage  in  the 
excellence  of  the  work. 

Since  that  time  Citizen  Margueron  having  communicated  to  me  his  obfervations  on  the 
mucilage  which  may  be  cxtraftcd  from  tiie  leaves  of  the  horfe-chefnut-tree  (marroniir 
iPInde)^  and  having  afcertained  how  great  a  portion  of  mucous  and  adheCve  matter  thefe 
leaves  afford,  efpecially  when  the  foliation  is  in  its  vigour  j  aftrong  decoAion  of  thefe  leaves 
has  been  ufed  with  much  fuccefs  to  make  the  preparation  with  glue. 

There  are  a  great  many  other  native  plants,  which  would  be  equally  proper  to  afibrd 
fa£litious  gums,  and  of  which  the  ufe  would,  be  very  advantageous  in  the  arts.  We  are  at 
prefent  buded  upon  this  obje<Sl:,  and  hope  in  the  courfe  of  time  to  prefent  the  refults  of  our 
refearches. 

P.  S.  Since  this  memoir  was  written,  a  phllofopher  attached  to  the  arts,  and  who  has 
obferved  much,  has  informed  me  that  oil  of  vitriol  or  fulphuric  acid  is  ufed  in  fome  foreign 
manufadiories  in  the  fulling  of  hats,  and  that  the  procefs  is  confidered  as  a  great  fecret.  I 
was  ignorant  of  this.  The  publications  I  have  examined  make  no  mention  of  it,  and  the 
workmen  I  have  confulted  had  no  knowledge  of  its  ufe.  Befides  which^  truth  is  always 
new  while  it  continues  unknown,  and  ufeful  obfervations  require  to  be  repeated  in  order 
to  make  them  generally  adopted. 
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IV. 

Doubts  concerning  the  EKiftence  of  a  new  Earth  in  the  Mineral  from  New  South  Wales  exa*^ 

mined  by  WEDGWOOD  in  the  Tear  1790. 

PORTION  of  the  fame  mineral  from  Sydney  Cove  in  New  South  Wales  as  was  foiw 
jnerly  analyfed  by  the  late  Mr.  Wedgwood,  and  had  been  prefented  to  M.  Haidkiger,  Coun- 
fcllor  of  Mines,  by  Sir  J.  Banks,  has  been  lately  examined  by  the  celebrated  M.  Klaproth*. 
As  the  refult  feems  to  have  inclined  this  able  chemift  to  rejed  the  new  earth  of  Wedgwood^ 
the  fubjeA  appears  fufficiently  intereding  to  admit  of  being  ftated  to  the  public. 

^  Beytragc  zur  Chcmifchen  Kcnmnifs  der  Mineral.  Koerpcri  b.  ii. 

M.  Klaprotk 
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M.  Khprotli  had  two  famples ;  the  firft  conGftiog  for  the  moft  part  of  black  brilliant 
fcaies,  which  might  have  been  taken  for  plumbago  or  carburet  of  iron,  but  appeared  to  him 
to  be  ferruginous  mica ;  the  fecond,  which  contained  much  lefs  of  this  fubftance,  was  con- 
fidered  by  him  as  purer,  and  fubjeAed  to  experiment. 

Thirty  grains  were  reduced  to  fine  powder.  The  greyifli  colour  it  naturally  poflefTed  be- 
came blueifh  by  levigation.  Upon  this  powder  the  concentrated  muriatic  acid  was  boiled, 
and  decanted  off  when  cold.  New  acid  was  boiled  upon  the  refidue>  and  this  operation 
was  three  times  repeated. 

'^The  acid  after  filtration  through  double  paper  was  not  rendered  turbid  by  water  gradually 
added  in  fufficient  quantity.  The  mixture,  when  expofed  to  heat,  preferved  its  tranfparency*. 

By  faturating  the  acid  with  carbonate  of  pot-a(h,  a  fmall  quantity  of  precipitate  was  af- 
forded in  light  flocks,  which,  being  colle£led  on  the  filtre,  edulcorated  and  dried,  weighed 
3.25  grains.  This  precipitate  being  added  to  diluted  fulphuric  acid,  afforded  cryftals  of  alum,, 
and  left  a  fmall  portion  of  filiceous  earth. 

The  refidue,  which  was  not  a£led  upon  by  the  muriatic  acid,  was  treated  in  the  dry  way 
with  three  parts  of  pot-aQi,  and  afterwards  with  the  muriatic  acid.  The  gelatinous  infoluble 
portion,  feparated  by  the  filtre,  edulcorated  and  dried,  weighed  19.5  grains.     It  was  filex. 

The  muriatic  folution,  efiayed  by  pruffic  acid,  afforded  a  blue  precipitate,  correfponding 
with  about  0.25  grains  of  iron. 

From  this  folution,  when  decompofed  by  carbonate  of  pot-aQi,  a  quantity  of  alumine  was 
feparated,  which,  when  edulcorated,  and  dried  by  heat,  weighed  8.5  grains,  and  upon  being 
combined  with  fulphuric  acid  was  totally  converted  into  alum. 

The  whole  of  what  this  chemiftr  obtained  from  the  fand  of  Sydney  Cove  was  alumine,  filex, 
and  iron,  without  the  lead  indication  of  any  other  principle.  Though  he  operated  upon 
thirty  grains  only,  and  it  was  impoffible  for  Mm  to  repeat  his  analyfis,  he  obferves  that  the 
-refult  is  fuflicient  to  rbnder  the  prefence  of  a  new  earth  doubtful.  He  refers  the  folution  of 
this  doubt  to  time;  and  on  the  fuppofition  of  error  in  Mr.  Wedgwood's  experiments,  he  is^ 
difpofed  to  think  he  did  not  filtre  his  acid  (olution  before  he  added  water  to  it,  and  that  the 
earth  depoGted  by  the  diluted  acid  was  probably  nothing  but  filex  chemically  united  to  alumino. 

Previous  to  a  difcuflion  of  the  probability  how  .far  Wedgwood  could  be  miflaken  in  hta 
fa£ts  and  dedu£lions,  and  on  what  the  difference  between  his  refults  and  thofe  of  M.  Klap- 
roth  might  depend,  I  hadpurpofed  to  give  an  abridgment  of  the  paper  of  the  former  chemift 
from  the  eightieth  volume  of  the  Philofophical  Tranfa£^ions.  But  after  having  made  the 
fame,  and  begun  my  comparative  remarks,  I  found  that  fo  much  of  thefe  laft  would  depend, 
upon  the  ftridl  ftatement  of  experiments,  that  I  determined  to  give  fo  much  of  the  entire 
paper  as  relates  to  the  neW  earth.  And  this  I. do  the  more  willingly,  as  it  is  not,  as  I  am 
aware,  to  be  found  in  any  work  of  general  circulation.  What  foUows,  therefore,  is  in  the 
words  of  Mr.  Wedgwood  ♦;  ___^.,«...«_«__ 

Analytical  Experiments  on  a  Mineral  from  Sidney  Cove  in  Netv  South  Wales. 

THIS  mineral  is  a  mixture  of  fine  white  fand,  a  foft  white  earth,  fome  colourlefs  mica* 
ceous  particles,  and  a  few  black,  ones,  refembling  black  mica  or  black  lead,  partly  loofe^ . 
or  detached  from  one  another,  and  partly  cohering  together  in  little  friable  lump^. 

*  Phil,  Tranf.  LXXX.  307. 

Noiie- 
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None  oT  tkcfe  fubfttnces  feem  to  be  at  all  a£led  vpon  by  the  nitrous  acidi  concentratejl  or 
diluted,  nor  by  oil  of  vitriol  diluted  with -about  cquai  its  mcafure  of  water.  In  the  cold,  or 
«»  a  boiling  heat,  (he  mttieral  ranained  unaltered  in  its  appearance,  and  die  acids  had  ex- 
trafled  nothing  from  it  that  could  be  precipitated  by  alkali. 

Oil  of  vitriol  boiled  upon  the  mineral  to  drynefsy^as  in  the  procefs  of  making  alum  from 
clay)  produced  no  apparent  change  in  it ;  but  a  lixivium  made  from  this  dry  mafs-  with 
-water,  on  being  faturated  with  alkali,  became  fomewhat  turbid,  and  depofited,  exceeding 
(lowly,  a  white  earth  in  a  gelatinous  (late,  too  fmall  in  quantity  for  any  particular  exsunina- 
tion,  but  which,  from  its  afpeA^  from  the  manner  in  which  it  was  obtained,  and  from  the 
•tafte  of  the  lixivium  before  the  addition  of  the  alkali,  was  judged  to  be  the  aluminous  earth. 

The  marine  acid  during  digellion  feemed  to  have  as  little  aAion  as  the  other  two  ^  but 
•on  pouring  in  fome  water,  with  a  view  only  to  dilute  and  wa(h  out  only  the  remaining  part 
•of  the  acid,  a  remarkable  difierenoe .  prefented  itfelf;  the  liquor  became  indantly  white  as 
fnilk,  with  a  fine  white  curdly  fubftance  intermixed  j  the  ftrong  acid  having  extra£ied  fome- 
thing  which  the  fimple  dilution  with  water  precipitated. 

The  white  matter  being  walhed  off,  more  fpirit  of  fait  was  added  to  the  remainder,  and 
the  digeftion  repeated  with  a  long  tube  inferted  into  the  mouth  of  the  glafs,  fo  as  nearly 
to  prevent  evaporation.  The  acid,  when  cold,  and  fettled  fine,  was  poured  oflF  clear,  and 
on  diluting  it  with  water  the  fame  milky  appearance  was  produced  as  at  firft.    , 

The  digedion  was  repeated  feveral  times  fuccei£vely  with  fre(h  quantities  of  the  acid,  till 
tio  milkinefs  appeared  on  dilution.  The  quantity  of  mineral  employed  was  24  grains,  and 
the  reliduum,  after  the  operations,  wallied  and  dried,  weighed  fomewhat  more  than  19 
grains,  £0  that  about  one-fifth  of  it4iad  been  dt(roived.  In  fome  parcels  of  the  mineral, 
taken  up  promifcuoufly,  the  proportion  of  foluble  matter  was  much  leCs,  and  in  none 
greater.  It  is  only  the  white  part,  and  only  a  portion  of  this,  that  the  acid  appears  to  28t 
vpon^  the  white  fand,  much  of  the  white  foft  earth,  and  all  the  black  particles  remain 
unaltered. 

To  try  whether  this  tedious  procefs  of  folution  could  be  expedited  by  triture  or  calctna^ 
tion,  fome  of  the  mineral  Mras  rubbed  in  a  mortar ;  and  in  doing  this,  it  appeared  prettf 
remarkable,  that  though  the  black  part  bore  but  an  inconfiderable  proportion  to  the  reft, 
yet  the  whiteneis  of  the  other  was  foon  covered  and  fupprefled  by  it  \  the  whole  becoming 
an  uniformly  Mack,  (hining,  foft,  unduous  mafs,  like  black  lead,  rubbed  in  the  Aime  man- 
ner with  a  few  gritty  particles,  perceptible  on  prefling  hard  with  the  peftle.  A  penny- 
weight of  this  mixed,  fpread  thin  on  the  bottom  of  m  porcelain  vefiel,  was  calcined  about 
an  hour,  with  a  fire  between  30  and  40  degrees  * ;  it  became  of  an  uniform,  dull,  white  or 
grey  colour,  excepting  a  very  few,  and  very  fmall,  fparkling,  black  particles,  fufpe£}:ed  to  be 
diofe  which  had  eluded  the  a£lion  of  the  peftle  ;  it  loft  in  weight  fix  grains,  or  one-fourth. 

The  mineral  thus  ground  and  calcined  was  found  to  be  juft  as  diflicult  of  folution  as  in 
4ts  crude  ftate,  with  this  additional  difadvantage,  that  the  undifiblved  fine  particles  are  in- 
difpofed  to  fettle  from  the  liquor. 

*  By  dcgrecf  of  Jire  or  heat  ahtrve  ignition^  I  mean  thofe  of  my  thermometer ;  and  fome  idea  may  be 
formed  of  their  value  by  recolle^ing  that  they  commence  at  vifible  rednefs  i  aud  that  the  extreme  heat  of  a 
rood  air-furnace  of  the  common  conllru6Uon  is  160^  or  a  little  more.    W. 

In 
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In  all  the  eitpertments  of  diflblution,  as  often  a«  the  heat  was  at  or  near  the  boiling 
point  of  the  acid,  frequent  and  pretty  fingular  burfts  or  explofione  happened^  though  the 
matter  lay  very  thia  in  a  broad-bottomed  glafg.  They  were  fometimes  fo  confiderable  as  to 
throw  off  a  porcelain  cup  with  which  the  glafs  was  coveredi  and  once  to  (hatter  the  glafs  in 
pieces.  In  a  heat  a  little  below  this>  the  extra^iion  feemed  to  be  equally  complete,  though 
more  flow ;  but  a  heat  a  little  below  that  in  which  wax  melts^  or  below  140^  of  Fahrenheit's 
thermometer,  appeared  infufficient* 

To  determine  the  degree  of  folution  neceflary  for  the  precipitation  of  the  diflblved  fub^ 
ftance,  and  whether  the  precipitation  by  water  be  totals  ameafure  of  the  folution  was  poured 
into  a  large  glafs,  and  the  fame  meafure  of  water  added  repeatedly.  The  third  addition  of 
water  occafioned  a  flight  milkinefs,  which  increafed  more  and  more  to  the  (ixth.  The 
hqaor  being  then  filtered  oflF,  another  meafure  of  water  produced  a  little  frefii  milkinefs,  and 
an  eighth  rather  increafed  it ;  a  ninth  and  a  tenth  had  no  tStOi.  The  liquor  being  now 
again  pafled  through  a  filter,  folution  of  fait  of  tartar  did  not  in  the  lead  alter  its  tranfparency  |, 
ib  that  after  the  folution  has  been  diluted  with  eight  or  nine  times  its  meafure  of  water, 
there  is  nothing  left  in  it  that  alkali  can  precipitate. 

From  the  manner  in  which  the  folution  is  neceflTarily  prepared,  it  cannot  but  contain  a- 
great  redundance  of  acid;  for  the  fmall  quantity  of  acid  fufficient  for  holding  the  foluble 
part  fufpended,  would  be  ibked  up  or  entangled  by  the  undiflblved  part,  fo  as  fcarcely  to 
admit  of  any  being  poured  ofi^;  and  it  cannot  be  diluted  or  waflied  out  but  by  the  ftrong 
acid  itfelf.     The  folution  with  which  the  above  experiment  was  made,  was  reckoned  to 
have  only  about  fix  grains  of  the  foluble  matter  to  three  ounces  of  fpirit  of  fait,  having  beetl^ 
prepared  by  digefting  that  quantity  of  the  fpirit,  by  half  an  ounce  at  a  time,  on  thirty  grains* 
#f  the  crude  mineraL 

A  faturated  folution  was  obtained  by  digefling,  on  a  fmall  portion  of  the  folutions  thus 
prepared,  the  precipitate  thrown  down  by  water  from  the  larger  portions  till  the  acid  would- 
take  up  no  more.  A  folution  thus  iaturated  cannot  bear  the  fmalleft  quantity  of  water;  a^ 
fiogle  drop,  oa  the  firft  contad,  producing  a  milky  circle  round  it. 


Examination  of  the  above  Suhftanc^y  extraBedfrom  the  Mineral  by  Marine  Acid^  and  precipitated^ 

by  Water. 

THIS  fubftance  wa(hed  and  dried  b  indiflfoluble  in  water,  as  indeed  might  be  expeded^ 
fsom  the  manner  of  its  preparation.      « 

Nor  is  it  a£ked  upon  by  the  nitrous  or  vitriolic  acids,  concentrated. or  diluted;  cold  oxr 
hot,  nor  by  alkaline  folutions,  mild  or  cauflic,  of  the  volatile  or  fixed  kind. 

It  isdiflblved  by  ftrong  marine  acid,  but  not  without  the  ailiftance  of  nearly  the  fame  de- 
gree of  heat  that  is  neceflfary  for  its  extradion  from  thf  mineral.    From  this  folution  it  is-^ 
precipitated  by  water ;  and  after  repeated  difiblutions  and  precipitations  it  appears  to  have 
fuflfered  no  decompofition  or  change. 

Spirit  of  nitre,  added  to  the  faturated  folution,  makes  no  precipitaticm  ;  and  if  th^  quan- 
tity of  nitrous  acid  exceeds,  or  at  leaft  does  not  fall  much  Ihort  of,  that  of  marine  acid  itu 
llie  folution^  the  mixture  fofitrs  no  precipitation  from  water.    Nor  does  any  precipitation  < 

happen,.. 
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:happcn,  though  the  nitrous  fpirit  be  prcvioufly  mixed  with  even  a  large  quantity  of  watefi 
provided  the  quantity  of  folution  added  to  it  does  not  exceed  that  of  the  nitrous  fpirit  in  the 
«nixturc.  The  appropriate  menftruum  for  this  fubftance  (that  is,  for  keeping  it  in  a  ftate  of 
ilihite  folution)  appears,  therefore,  to  be  aqua  rcgia ;  and  the  due  proportion  of  the  two 
acids,  of  any  given  ftrength,  might  be  determined,  if  neceflary,  with  greater  accuracy  and 
facility  for  this  than  for  any  other  body  I  know  of;  becaufe,  if  there  be  even  a  very  minute 
furplus  of  marine  acid  in  the  folution,  that  furplus  will  inflantly  betray  itfelf,  on  dropping  a 
•little  into  water;  all  that  was  diffolved  by  it,  and  no  more,  being  precipitated  by  the  water. 
It  may  be  obfcrved,  however,  that  where  an  addition  of  nitrous  acid  is  ufed,  a  faturated 
folution  cannot  be  obtained  (unlefs  by  fubfequent  evaporation),  the  fame  quantity  of  marine 
acid  being  neceflary  with  as  without  that  addition  :  the  cliange  or  modification  which  the 
tiitrous  acid  produces  in  the  marine,  ferves,  in  the  prefent  inftance,  not  for  e(Fe£king  the 
folution,  as  in  the  cafe  of  gold  and  fome  other  metals,  but  merely  for  enabling  it  to  bear 
water  without  depofiting  its  contents* 

I  Oil  of  vitriol  dropped  into  the  faturated  marine  folution,  occafions  no  change  till  its  qu;in- 
tity  comes  to  be  about  equal  to  that  of  the  folution  ;  a  confiderable  efTervefcence  and  beat 
are  then  produced,  the' liquor  becomes  milky,  and  the  marine  acid  is  extricated  in  its  ufual 
white  fumes.  The  mixture,  heated  nearly  to  boiling,  becomes  tranfparent,  and  afterwards 
continues  fo  in  the  cold.  This  vitriolic  folution  is  precipitated  by  water,  and  the  preci- 
pitate is  rediifolved  by  marine  acid. 

The  faturated  marine  folution  is  indifpofed  to  cryftallife.  By  continued  evaporation  in 
gentle  heat  it  becomes  thick  and  butyraceous,  and  in  this  (late  it  foon  liquefies  again  on  ex- 
pofure  to  the  air.  The  butyraceous  mafs,  in  colour  whitifh  or  pale  yellow,  is  not  corrofive, 
like  the  fimilar  preparations  made  from  fome  metallic  bodies,  nor  is  it  mote  pungent  in  tafte^ 
but  rather  lefs  fo,  than  the  combination  of  the  fame  acid  with  calcareous  earth*  In  a  beat 
increafed  nearly  to  ignition,  the  acid  is  difengaged,  and  rifes  in  white  fumes^  which,  received 
in  a  cold  phial,  condenfe  into  colourlefs  drops,  without  any  appearance  of  fublimate.  From, 
the  remaining  white  mafs,  fpirit  of  nitre  extraAs  fo  little  as  to  exhibit  only  a  flight  milkinefs 
on  adding  alkali ;  a  proof  that  nearly  all  the  marine  acid  had  been  expelled ;  for,  while 
that  acid  remains,  the  whole  is  diflbluble  by  the  nitrous. 

The  fubilance  in  qucftion  is  not  precipitated  by  PruflTian  lixivium.  A  drop  ortwo  of  thfc 
lixivium  do  indeed  occafion  a  little  white  or  biueiOi  white  precipitation  in  the  (aturated  ma- 
rine folution ;  but  in  the  more  dilute  no  turbidnefs  appears  till  the  quantity  of  lixivium  isfuch 
as  to  produce  that  effcd  by  its  mere  water ;  and  when  the  precipitate  nShat  length  been 
formed,  it  rediflblves  in  marine  acid  as  eafily  as  thaf  made  by  water ;  whereas  fltc  precipi- 
tated refulting  from  the  union  of  the  PruflTian  matter  are  not  aded  upon  by  acids  *-tiH  that  .  -^  -*' 
matter  has  been  extrafted  from  them  by  an  alkali.  For  further  fatisfaftioii,  in  this  im- 
portant point,  the  experiment  was  repeated  with  a  folution  in  aqua  regia.  Here  the  Pruflian  ^fc 
lixivium,  in  whatever  quantity  it  was  added,  occafioned  no  precipitation  at  all  (only  the 
ufual  blueiOinefs  arifing  from  the  iron  always  found  in  the  common  acids) ;  and  pure  alkali 
added  afterwards  precipitated  the  original  white  fubflance  unchanged. 

The  following  experiments  of  precipitation  by  alkalis  were  made  with  the  marine  folu- 
tion before  the  effed  of  an  addition  of  nitrous  acid  had  been  difcovered  ;  and  they  were 
made  with  fo  much  <:are  and  attention,  that  it  was  not  thought  necefiary  to  repeat  them 

4  afterwards. 
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•-  ifrcrv^atds.  To  obviate  as  much  as  poffibliethc  equivocal  refults  that  migtit  arife  from  water 

•  oontained  in  the  precipitants,  the  different  alkalis  were  applied  in  the  dried  ftate  I  could 

reduce  them  to ;  viz.  pure  fait  of  tartar,  kept  for  fomc  time  in  a  heat  juft  below  rednefs  ; 

cryftals  of  marine  alkali  melted  and  dried  in  the  fame  manner;  volatile  alkali  in  cryftals,  a 

-  little  furplus  acid  being  in  this  inftance  previoufly  added  to  the  folution  to  counteraft  the 
.water  of  cryftallization  in  the  alkali ;  fait  of  tartar  cauflicated  by  quicklime,  and  haftily  eva- 
porated to  drynefs ;  the  marine  alkali  caujiicated  in  like  manner  ;   and  the  vapour  of  cauftic 

'  volatile  alkali,  arifing  with  a  very  gehtle  heat  from  a  retort  into  a  phial  containing  the  fo- 
lution.    All  thefe    alkalis  occafiond^d  copious  precipitations.     All  the  precipitates,  after 
waihing  and  drying,  were  found  to  rediflblve  in  marine  acid ;  and  from  all  thefe  folutions 
•^  the  original  fubftance  was  precipitated  unaltered  on  diluting  them  with  water. 

.  In  ftrong  fire,  from  142  to  156  degrees,  this  fubftance  difcovers  a  much  greater  fufibility 
than  any  of  the  known  fimple  earths.  In  a  fmall  veflel  made  of  tobacco-pipe  clay,  it  melted, 
and  glazed  the  bottom ;  and  on  a  bed  of  powdered  flint,  prefTed  fmooth  in  the  manner  of  a 
cupel,  it  did  the  fame.  Magnefia  or  chalk  would  indeed  vitrify  in  the  clay  velTel ;  but  on 
flint  no  one  of  the  known  earths  (hews  any  tendency  to  vitrification  in  that  heat  ^.  In  a 
cavity  fcooped  in  a  lump  of  chalk,  this  fubftance,  in  the  heat  above  mentioned,  ra^n  into  a 
fmall  round  bead,  fmooth,  whitifh,  and  opake,  not  in  the  leaft  adhering  to  the  calcareous 
mafs.  On  a  bed  of  powdered  quick-lime^  ic  formed  a  browniih  fcoria,  which  in  great  part 
had  funk  into  the  lime,  and  feemed  to  have  united  with  its  On  Mr.  Henry's  magnefia, 
uncalcined,  it  melted  and  funic  in  completely,  leaving  only  a  flight  brownifh  ftain  on  the 
furface  where  it  had  lain.  On  beds  of  the  baro-felenitc,  and  barytic  quick-lime,  it  likewife 
melted  and  funk  in,  leaving  a  difcoloured  fpot  behind;  bat  whether  it  really  united  with 
the  fubftrata,  or  only  penetrated  into  their  interftices,  could  not  be  determined  with  certainty, 
on  account  of  the  fmallnefs  of  the  quantity  of  the  mineral  I  had  to  work  upon* 

On  abed  of  powdered  charcoal,  in  a  crucible  clofely  luted,  this  fubftance  likewife  melted : 
Slnd^ therefore  it  may  be  prefumed.not  to  have  owed  its  fufion  in  the  above  experiments  to 
the  fame'caufe  to  which  fome  of  the  common  fimple  earths,  inx:ertain  circumftances,  owe 
theirs,  namely  their*jinion  with  the  matter  of  the  vefTel  or  fupport ;  that  is,  with  an  earth 
^  or  earths  of  a  different  kind  from  themfelves ;  but  to  poflefs  a  fufibility  ftridUy  its  own,  which 
takes  place  in  a  fire  of  150  <legrees«  or  perhaps  lefs. 

As  charcoal  in  fine  powder  afTumes  a  kind  of  fluidity  in  the  fire,  fimilar  to  that  which 
powdered  gypfum  exhibits  in  a  fmall  heat,  its  furface  had  changed  from  concave  to  hori- 
zontal, and  the  bead  had  fuiik  to  the  bottom  ;  it  was  rough  and  black  on  the  outfide,  and 
^««     whitifh  within;     On  repeating  the  experiments  in  a  cavity  fCooped  in  a  piece  of  charcoal, 

♦  It  may  be  proper  juft  to  mention  that  I  find  this  to  be  a  very  commodious  and  fure  method  of  trying,  in 
fmail,  whcdicr  any  given  earthy  body  be  fufible  with  oth«r  earths.  If  the  body  is  difpofcd  to  vitrify  with  any 
proportion  of  clay  or  flint,  for  inftance,  it  will  equally  vitrify  when  a  little  of  it  is  applied,  or  even  dufted  only, 
on  the  bottom  of  a  fmall  cup  made  of  clay,  or  on  a  fmooth  clofe  bed  of  finely  powdered  flint.  The  body,  in 
t;his  mode  of  application,  feems  to  unite  with  only  juft  fo  much  of  the  matter  of  the  fubftratum  as  is  requifite 
for  their  moft  perfect  fufion  together,  and  has  nothing  elfe  in  contact  with  ir,  fo  that  no  deception  can  arile  ; 

-  whereas,  if  mixed  with  the  fame  matter,  there  might  be  no  appearance  of  fufion,  unlcfs  certain  favourable  pro- 
portions of  the  two  fhduld  chance  to  be  hit  upon  j  and  even  then,  if  the  quantity  be  fmall,  it  would  not  be  cer* 
tain  but  that  the  fufion  might  have  originated  from  fhe  matter  of  the  crucible.     W. 
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the  refuit  was  a  blackifli  bead  like  the  former,  only  faK>otIi  on  the  outGde,  with  fometfimg'' 
of  metallic  brightnefs,  not  unlike  that  of  black-lead.     Botli  beads  were  very  light,  and  had 
a  confiderable  cavity  within.     All  the  internal  part  was  whitifh,  without  the  lead  metallic 
afpe£l ;  and  the  external  glofly  blacknefs  appeared  to  be  only  the  (tain  which  charcoal 
powder  communicates  in  flrong  fire  to  feme  earthy  bodies  that  have  a  tendency  to  vitrify. 

.  By  boiling  in  concentrated  marine  acid,  a  part  of  the  beads  was  difTolved,  precipitable,  as  at . 
firfli  by  water ;  but  an  accident  prevented  the  procefs  from  being  continued  fufficiently  to 
determine  whether  the  whole  could  be  difTolved  or  not. 

By  this  fufibiiity  in  the  fire,  folubility  in  one  only  of  the  common  mineral  acids,  and  parting 
with  the  acid  in  a  heat  below  ignition,  precipitability  by  water,  and  non-precipitability  by  Pruf- 
fian  lixivium,  this  fubilance  is  (Irongly  difcriminated  from  all  the  known  earths  and  metallic 
calces.  And  as  it  fufFers  no  decompofition  from  any  of  the  alkalis  in  any  of  the  ufual  modes 
of  application,  I  prefumeit  cannot  be  confidered  as  a  combination  of  any  of  thofe  earths  or 
calces  with  any  of  the  known  acids  ;  for  all  the  combinations  of  this  kind  would,  in  one  or 
other  of  the  above  methods  of  trial,  have  had  the  earth  or  metal  difengaged  from  the  acid. 

Whether  this  fubftance  belongs  to  the  eafthy  or  metallic  clafs,  I  cannot  abfolutely  deter* 
mine  j  but  am  inclined  to  refer  it  to  the  earthy;  becaufe,  though  brought  into  perfe£k  fufion 

V  in  contadl  with  inflammable  matter  and  in  clofe,  veflels,  it  does  not  aflume  the  appearance 
which  metallic  bodies  do  in  that  circumilance  *» 

The  black  fubdance,  which  feems  to  have  compofed  about  one^fifth  part  of  the  crude 
mineral,  was  found  to  refemble  plumbago  in  its  leading  properties,  but  its  refidue  did  not . 
appear  to  be  iron.     The  remaining  three-fifths  of  the  mineral,  which  refided  the  humid  at* 
tacks  in  Mr.  Wedgwood's  experiments,  was  probably  filex  \  but  he  does  not  fpeak  of  any 
direct  examination  of  its  properties  by  fufion  with  alkalis,  the  fparry  acid,  or  otherwile. 

On  the  preceding  experiments  of  M.  Klaproth  and  the  late  Mr.  Wedgwood>  the  quc£* 
tion  which  in  the  firil  place  appears  to  demand  folution,  is,  whether  the  fame  mineral  was 
examined  by  both  chemiils  ?  If  this  (hould  not  appear  probable,  it  will  be  unneceflary  to 
enter  upon  the  fubfequent  enquiry,  which  fet  of  experiments  is  mod  likely  to  be  erroneous  I 

On  the  hidorical  evidence,  as  far  as  regards  the  famencfs  qf  the  parcels  of  mineral,  I  think 
there  is  little  to  be  faid.  Both  were  obtained  from  Sir  Jofeph  Banks;  the  fird  diredtly,  and  the 
latter  with  the  intervention  of  the  refpeftable,  and  as  it  may  be  concluded  careful,  M.  Haidin* 
ger.  Neverthelefs,  if  the  obvious  defcription  and  decided  experiments  fliould  point  out  a 
difference,  it  will  aflfbrd  more  than  a  prefumptive  proof  that  tl>ey  were  not  the  fame* 

1.  M.  KJaproth's  mineral  wasgreyifli,  and  became  blueifli  by  levigation.  Mr.  Wedgwood's 
was  a  fine  white  fand,  a  foft  white  earth,  with  fome  colourlefs  micaceous  particles,  and  a 
few  refembling  plumbago.     When  levigated,  it  became  black,  ftiining,  foft,  and  unfluous* 

2.  Klaproth's  iparine  folution,  after  filtration,  afl^orded  no  precipitate  by  the  addition  of 
water.  Wedgwood's  folution  in  the  fame  acid,  when  cold,  fettled  fine  ;  and,  decanted  oflT 
clear,  afForded  a  white  precipitate  with  water  to  the  whole  amount  of  its  contents.  After 
fix  meafures  of  water  had  caufed  much  of  the  precipitate  to  fall,  the  liquor  was  filtered, 

"^  Here  ends  the  extract  in  Mr.  WtdgwooU's  own  words. 

and 
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ihd  more  water  threw  down  a  little  more.  3.  Klaproth's  marine  folution  afforded  a  pre- 
cipitate by  the  addition  of  an  alkali  which  was  foluble  in  vitriolic  acid,  and  afforded  alum. 
Wedgwood's  precipitate  by  means  of  water  was  infoluble  in  the  nitrous  or  vitriolic  acids. 
The  indired  folution  of  this  matter  in  vitriolic  acid  was  precipitated  by  water.  4.  M.  Klap- 
roth's experiments  (hewed  nothing  but  (ilex,  alumine,  and  a  minute  portion  of  iron.  He 
thinks  it  probable  that  Wedgwood's  precipitate  by  water  was  filex  combined  with  alumine. 
But  in  Wedgwood's  experiments -this  matter  was  fufed  without  addition  in  an  hole  fcooped 
in  charcoal,  and  alfo  in  an  hole  in  a  lump  of  chalk,  to  which  it  did  not  adhere.  Kirwan  * 
found  equal  parts  of  alumine  and  filex  infufible  at  i6o<*  of  Wedgwood ;  and'Achard  found 
them  infufible  in  a  porcelain  furnace,  in  all  proportions ;  not  to  mention  that  very  refraclory 
veflels  are  made  out  of  the  fame  two  earths  mixed  together.  5.  I  do  not  fee  how  Wedg- 
wood's method  of  fubfidence  and  decantation  could  have  left  any  thing  fufpcnded  which 
SLkproth's  filtre  could  have  detained. 

Hence  it  feems  fair  to  conclude  that  the  two  minerals  were  not  the  fame,  however  this 
may  have  happened  ;  and  that  the  exiftence  of  the  new  fufible  earth  of  Wedgwood  (lands 
on  the  fame  evidence  as  before,  namely,  his  experiments,  which  have  not  yet  been  repeated, 
that  I  know  of. 
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if  Philofophical  Memoir^  containlng^^l.  Experiments  relative  to  the  Propagation  rf  Sound  in  dif» 
ferent  Solid  and  Fluid  Mediums .--^ And  2.  An  Experimental  Enquiry  into  tie  Cau/e  of  the 
Refinance  of  Mufical  Injlruments,     By  M.  Perrole  \.     With  Annotations. 

J\,S  the  tranfmiflion  of  found  through  water :):,  through  air  of  greater  or  lefs  denfity  ^ 
and  through  different  gafeous  fubftances  ||,  has  added  to  the  amount  of  our  philofophical 
knowledge,  I  have  thought  an  abundant  harveft  of  new  fadbs  might  be  obtained  by  caufing 
found  to  pafs  through  a  great  number  of  bodies  of  different  kinds^  as  well  folid  as  fluid,  and 
comparing  their  effeds  together. 

Thefe  are  the  views  which  have  dircded  the  experiments  of  which  I  (hall  give  an  account 
in  the  iirft  part  of  this  memoir  \  and  in  the  fecond  1  (hall  avail  myfelf  of  the  refults  in  an 
endeavour  to  afcertain  the  oaufe  of  the  refonance  of  bodies. 

PART      I. 

AS  all  the  trials  depend  upon  the  following  experiment,  it  is  neceffary  to  give  particular 
attention  to  its  detail. 

Experiment  /.  and  chief.  Clofe  the  ears  with  chewed  or  ma(hed  paper ;  fufpend  a  watch  by 
an  hook.  Place  the  ear  at  the  diftance  off  two  lines  from  the  watch,  and  you  will  not  hear  its 

•  Mineralogy,  i.  58. 

f  Mem.  de  TAcad.  Rojale  de  Turin,  v.  195. 
X  Nollet,  Mem.  dcrTAcad.  Royalc  de  Paris,  1743. 
§  Mufchenbrock,  n.  1442.— -NoHet,  Lecjons  de  Phyfique,  iii.  355. 

g  Prieftley's  Experiments  and  Obfervations,  &c.  and  my  Experimcnti  in  the  Turin  Memoirs  for  1786, 
1787.    P. 

3  G  2  .vibrations. 


4^%  Expenments  on  the  Tranfmijion  of  Sound.  ^ 

vibrationt.    Tlicn  take  a  folic!  body>  fuch  as  a  fmall  cylinder  of  wood,  of  one  foot  or  onc^ 
foot  and  a  half  in  lengthy  and  one  or  two  lines  in  diameter.     Place  it  in  contad  at  one 
extremity  with  the  watch^  and  apply  the  other  end  to  one  of  the  numerous  parts  of  the 
head  which  propagate  found  by  the  touch  * ;  for  example^  with  the  cartilaginous  parts  of 
the  ear  ;  you  will  hear  the  found  much  better  than  if  the  ear  had  not  been  clofed^.and  the- 
fonorous  body  had  been  placed  in  the  air  at  the  {mailed  diftance  from  the  organ. 

As  the  found  was  not  perceptible  at  the  diftance  of  two  lines  in  the  firft  difpofition,  and 
was  very  (Irongly  perceived  in  the  fecond  \  it  is  evident  that. the  fmall  cylinder  propagated 
found  better  tlun  atmofpheric  air. 

When  we  refieft  on  this  experiment,  and  the  refult  it  aflFords,  we  mayj  without-  diffi-« 
cuUy,  perceive,  that,  in  order  to  afccrtain  the  refpecSliVe  force  of  the  propagation  of  found, 
through  folid  bodies,  nothing  more  is  required  to  be  done  than  to  procure  fubftances  of 
different  liaturesi  to  give  them  the  fame  form^^  and  fubje£l  them  to  an  experiment  of  tbi& 
kind.     In  this  manner  I  made  the  following  experiments  : 

Experiment  11.     I  procured  fmall  cylinders  of  the  dry  wood  of  fir,  oak,  box,  cherry-tree,, 
chefnut-tree,  and  logwood,  each  one  line  in  diameter,  and  one  foot  in  length.     The  ears.  - 
being  then  clofed,  I  placed  them  fucceflively  in  conta6k  with  the  watch,  and  at  the  fame 
time  with  the  cartilaginous  part  of  the  ear,  as  in  the  preceding  experiment. 

The  different  cylinders  tranfmitted  the  found  very  well ;  but  its  tone  f  feemed  to  vary 
whenever  a;  new  cylinder  was  ufcd,  and  the  intenfity  appeared  to  be  never  exadly  the 
fame.  We  had  no  means  of  afcertaining  the  difference  of  the  tone  (timbre)^  but  the  in-  • 
tenfity  appeared  in  the  following  order,  beginning  with  thofe  cylinders  which  appeared" 
to  propagate  found  with  the  greateft  activity :  fir,  logwood,  box,  oak,  cherry-tree, 
chefnut. 

Experiment  III.  I  determined  to  extend  jny  refearches  to  the  metals,  and  conftruftcd 
metallic  cylinders  fimilar  to  the  former.  When  fubjc£i;ed  to  the  fame  trial,  they  tran(V 
mitted  the  found  in  general  rather  worfe  than  the  cylinders  of  wood. 

The  nature  of  the  found  appeared  likewife  to  differ  in  the  cylinders  of  wood  and  thofe' 
of  metal.  The  tone  wa»  not  exactly  the  fame  in  the  different  metals,  and  the-  intenfity 
followed  this  order :  iron,  copper,  filver,  gold,  tin,  lead. 

Experiment  IV.     I  hung  my  watch  fucceflively  to  ftrings  of*  filk,  of  wool,  of  hemp,  of. 
flax,  hair,  and  gut,  which  were  nearly  of  the  fame  diameter  and  exaftly  of  the  fame  length' 
as  the  folid  cylinders.    One  extremity  of  the  firing  was  applied  by  the  hand  in  contaA  with' 
the  cartilage  of  the  ear,  while  the  watch  reftcd  on  the  oppofite  extremity  of  the  ftring,  which 
touched  no  part  of  the  body.   'The  ftrings  thus  extended  propagated  the  found  with.kfs 

*  Almoft  every  part  of  the  head  prcpngates  found  when  in  immediate  contact  with  a  fonorous  body.     This' 
may  be  cafily  proved  by  applying  a  vratch  to  the  fcvcral  parts  after  having  clofed  the  cars.     Sec  my  Diflert. 
Anat.  &c.  and  my  Kecherches  fur  TOrgane  cie  I'Ouic  cc  la  Propr.  d&s  Sons,  torn.  iii.  dcs  Mem.  de  Ja  Soc.  R.  dc- 
Medcc.  ct  le  Journal  dc  PhyCque,  1773,  torn.  ii.     P. 

f  Son  timbre^  which  docs  not,  as  I  apprehend,  imply  any  difference  of  acutenefs  or  gravity  in  found,  but 
another  relation  for  which  I  know  no  Englilh  word  but  tone.  Thus  the  lone  (timbre)  of  the  hautboy  differs 
greatly  from  that  of  the  flute  when  both  are  in  unifon,  and  fo  likewife  do  the  different  tones  (tons)  of  the  fane 
kind  of  inftrumcnc.  It  does  not  appear  from  the  text,  whether  the  acutenefs  or  gravity  of  thcfc  tranfmitted 
feunds  did  differ  from  each  other.     N. 

force 
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fdrce  than,  folid  bodies^  and  modified  it  in  a  remarkable  manner.  The  tone  in  each  of  the 
ftrings  appeared  to  be  different,  and  the  intenfity  followed  this  order  : — gut^  hair,  Clk^  hemp, 
flax,  wool,  cotton. 

From  the  foregoing  experiments  it  follows  : — i.  That  hard  bodies  and  ftretched  firings 
tranfmit  found  much  better  than  atmofpheric  air.  2.  That  each  of  thefe  mediums  tranfmiis 
it.in  a  manner  which  is  peculiar  to  itfelf,  fo  that  the  kind  and  intenfity  of  the  found  are 
uover  exaflly  the  fame,  as  far  as  can  be  judged  on  trials  which  do  not  always  prefent  very 
ftiiking  refuks  *.  3.  That  in  general  wood  tranfftiits  found  very  well ;  that  the  metals 
tranfmit  it  with  fomewhat  lefs  energy,  and  that  ftretched  ftrings  occupy  the  third  place  in 
the  fcale  of  power  in  this  refpeft. 

Experiment  V.  Being  determined  to  extend  my  refearches,  I  caufed  the  found  of  the  watch 
to*pafs  through  pieces  of  zinc,  antimony,  glafs,  fal  gem,  gypfum,  dried  clay,  and  marble. 
A&  I  could  not  give  the  fame  form  to  thefe  different  fubftances,  I  was  unable  to  determine 
with  precifion  their  refpe£live  powers  of  tranfmiffion  ;  but  I  obferved  that  all  thefe  bodies 
tranfmitted  founds  better  than  air,  and  that  it  was  modified  in  a  particular  manner  by  each 
of  them.  Marble  was  remarkable  for  the  little  force  with  which  it  tranfmitted  the  fonorous 
movements.  Two  pieces  of  this  fubftance,  of  different  form  and  (ize,  propagated  it  in  a 
weak  and  almoftinfenfible  manner. 

Thefe  are  the  experiments  I  have  made  with  folid  bodies.  To  complete  the  feries,  it  re* 
mained  to  fubmit  fluids  to  fimilar  trials. 

I  have  already  publifhed  my  experiments  on  aeriform  fubftances  f*  In  this  place  I  fliall 
relate  thofe  I  have  made  upon  liquids.  This  part  of  my  operations  required  a  diflferent 
procefs. 

Experiment  VL  I  clofed  all  the  joints  of  my  watch  with  foft  wax,  and  then  fufpended  it 
by  a  filk  thread.  In  this  ftate  I  hung  it  by  an  iron  branch  fixed  ia  the  wall,  fo  that  the 
watch  remained  fufpended  in  the  middle  of  a  glafs  veflel  five  inches  in  diameter,  and  feven 
inches  high,  taking  care  that  neither  the  watch  nor  the  thread  touched  the  veflel  in  any  part. 
I  remarked  the  kind  of  found  afforded  by  the  watch,  and  the  diftance  at  which  I  ceafed  to 
hear  it.  After  having  marked  this  point,  I  then  filled  the  veflel  with  water,  into  whicb 
I  again  fuffered  the  watch  to  dcfcend,  with  the  fame  precaution  of  not  fuflfering  it  or  the 
thread  to  touch  the  veflel. 

The  tone  (timbre)  was  changed  in  the  water  in  a  ftriking  manner.     The  found  was  pro-^ 
pagatcd  in  fo  lively  a  manner  that  the  glafs,  and  a  fmall  table  of  wood,  on  which  it  ftood  at 
a  diftance  from  the  wall,  feemed  to  undergo  direft  pcrcuflSons  from  a  folid  body.    But  what' 
appeared  ftill  more  aftonifhing  was,  that  in  the  midft  of  all  thefe  agitations  the  fluid  in. 
vrhich  the  watch  was  plunged  wa6perfe£lly  tranquil,  and  its  furface  not  in  the  flighteft  de* 
gree  agitated. 

By  fubftituting  different  liquids  in  the  place  of  the  water,  I  had  refults-^  in  general  ana-  • 
logons  to  thofe  I  had  obtained  with  that  fluid  ;  but  each  medium  gave  a  difierent  modifi-  ^ 
cation  to  the  found,  of  which  the  intenfity  was  noted  as  follows  : 

'^  Such  chiefiji  are  thofe  which  were  obtained  with  the  cylinders  of  wood,  and  ftretched  firings.    P»    . 
t  Mem.  dc  I'Acad.  Roy.  des  Sc.  de  Turin,  1786,  17S7. . 

Intenjitf 
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Intenftty  of  Sound  oJfferved  in  different  Fluids* 

Feet. 

1.  In  the  air  ferving  as  the  term  of  coinparifon^  it  ceafes  to  be  heard  at  the  dif- 

tahce  of                    ■  -— ,                  ■                      ■  ■    ■  8 

2.  In  the  water,  at  that  of  ■                              ■                        ■             -—  20 

3.  Oil-olive     •                  _— .  — _.                 ■■     ■■                 '  16 

4.  Oil  of  turpentine                         ■  ■                     ■                           '                  ■  14 

5.  Spirit  of  wine                            ■                 ■                            -*——:-.               21 

It  is  proper  to  obfcrve,  that  on  repeating  thefe  trials  I  obferved  fome  variations  in  the  in^. 
tenflty,  which  appeared  to  depend  on  the  organ  of  fenfe  or  accidental  noifes. 

From  the  experiments  made  upon  liquids,  it  follows :— -i.  That  thefe  as  well  as  folids  do 
tranfmit  founds  much  better  than  air,  and  that  even  the  fat  oils  are  not  to  be  excepted  *• 

2.  That  each  fluid  upon  trial  is  found  to  modify  the  found  in  a  peculiar  manner.    ' 

3.  Philofophcrs  maintain  the  opinion  that  found  is  propagated  in  the  air  by  means  of 
certain  motions  or  undulations,  which  the  tranfparence  of  that  fluid  prevents  our  feeing. 
My  experiments  with  fluids  which  do  not  elude  the  fight,  and  in  which  no  motion  was 
perceived,  notwithftanding  the  very  effe£lual  tranfmiilion  of  found,  may  render  this  in  fome 

refpcft  doubtful. 

4.  Laftly,  the  experiments  on  folids,  fluids,  and  thofe  I  have  publiflied  on  the  gafes  f, 
tffbrd  the -probable  conclufion  that  all  mediums  produce  particular  modifications  in  the  tone 
(timbre)  and  the  intenfity  of  found  ;  or  ocherwife,  that  the  fame  found  varies  as  often  as  it 
paflTes  through  a  diflferent  medium.  I  (hall  now  pafs  to  the  experiments  which  conflitute 
the  fecond  part  of  this  memoir. 


<«•*« 


PART     n. 


EVERY  one  has  obferved,  that  if  a  watch  be  placed  upon  a  table,  the  found  is  very  evi* 
dcntly  increafed.  The  difference  between  the  found  of  a  tuning-fork,  when  it  vibrates 
without  being  placed  in  contaft  with  any  folid  body,  and  that  which  it  affords  when  its 
handle  is  preffed  againft  a  folid  body  with  a  large  furface,  is  alfo  well  known.  The  experi- 
ments related  in  the  former  part  of  this  memoir  having  led  me  to  expedt  that  the  increafe 
of  force  and  harmony  in  thefe  circumftances  was  owing  to  the  property  poffefled  by  wood 
of  propagating  found  better  than  the  external  air,  and  modifying  its  tone ;  I  determined  to 
afcertain  the  truth  by  experiment. 

The  different  powers  I  had  obferved  in  wood  and  marble,  with  regard  to  the  propagation 
of  found,  appeared  proper  to  throw  fome  light  on  this  important  queftion.  In  fad,  if  the 
modifications  of  the  found  of  the  tuning-fork  and  the  watch,  when  placed  on  a  table  of  wood, 
be  owing  to  the  energy  with  whkh  this  fubftance  tranfmits  the  found,  and  the  marble  pro* 
pagating  it  very  weakly,  it  would  follow  that  a  table  of  marble  ought  not  to  fortify  the 

*  Morbof,  Siewt.  p9g.  104.  affirmed  thit  fat.oili  could  not  tra^mit  fonorous  modulations.    P. 
f  Loco  citato. 

2  found. 
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« 

found,  or  at  lead  to  produce  very  little  effeft  on  thcfe  fononms  belies;     Gfl  Aefc  confi- 
derations  I  made  the  following  experiments  : 

Experiment  L  I  applied  the  tuning-fork  upon  a  table  of  woodi'  and  when  it  had  cciTcJ 
to  vibrate  I  applied  my  watch  to  the  fame  furface.  The  found  in  each  was  increafed  in  pro- 
portion to  their  rcfpedive  intenfities.  I  then  removed  the  wooden  top  of  the  table,  and 
fubflituted  in  its  place  another  of  marble,,  of  the  fame  dimenfions.  The  tuning-fork  and 
watch  were  applied  as  before.  The  found  of  the  former  was  augmented,  though  much  lefs 
than  when  it  was  applied  on  the  wooden  covering.  The  found  of  the  watch  was  fcarce 
perceptibly  increafed.  I  could  perceive  little  difference  between  its  found,  whether  it 
touched  the  marble  or  hung  in  the  air  at  the  fame  diftance  from  the  ear. 

Though  thia  experiment  ftrongly  confirms  my  conjeflure,  I  determined,  nevertheltfs, 
to  fubjefl:  it  to  another  proof : 

Experiment  li.  I  placed  my  watch  on  the  wooden  table,  and  clofed  itty  ears  with 
chewed  paper.  When  the  ear  was  at  a  few  lines  diftance  from  the  table,  I  could  not  hear 
the  vibrations  of  the  watch.  I  then  placed  (ny  ear  in  contaft  with  one  of  the  fmall  wooden 
cylinders  ufed  in  the  experiments  alrejidy  defcribcd.  The  oppoGte  end  of  the  cylinder  was 
placed  in  contact  with  the  table.  ' 

The  found  of  the  watch  immediately  and  forcibly  ftruck  the  ear.  I  made  this  appHcatioix 
to  every  part  of  the  table,  not  excepting  even  the  feet  \  and  the  found  was  in  every  cafe  dif- 
tinfkly  heard.  The  experiment  was  then  repeated  with  the  marble  covering  inftead  of  the 
wood.  The  vibrations  of  the  watch  were  heard  in  an  imperfedi  or  indiftin£b  ihanner,  and 
only  when  the  wooden  cylinder  was  applied  at  a  ihort  diftance  from  the  fonorou^  body* 
I  did  not  ufe  the  tuning-fork  in  this  experiment,  becaufe,  in  fpite  of  every  precaution, 
it  was  not  pofiible  to  clofe  the  ears  fo  perfe£lly  but  that  tlie  found  ftill  remained  per- 
ceptible. 

In  order  to  eftablifli  my  conjefture  on  the  moft  folid  bafis,  it  remained  to  repeat  the  ex- 
periments upon  tables  of  all  the  fubftances  ufed  in  the  experiments  related  in  the  firft  part 
of  this  memoir,  and  to  (hew  that  the  refonances  follow  the  proportion  of  the  condu^ling 
powers  of  the  bodies.  But  the  difficulties  which  oppofed  the  execution  of  this  plan  in- 
duced me  to  confine  my  enquiries  tp  afcertain  whether  the  refonance  does  not  vary  in  dif- 
ferent bodies,  as  well  as  the  power  of  tranfmlttlng  found. 

Experiment  IIL  I  therefore  placed  the  tuning-fork  fucceffively  upon  plates  of  earthen- 
ware, of  porcelain,  on  plates  of  glafs,  and  upon  thin  Ifolated  plates  of  copper  and  tinned  iron. 
The  found  was  fortified  by  thefe  bodies,  and  the  tone  never  appeared  to  be  exactly  the  fame 
in  any  two  experiments. 

Thefe  trials  naturally  led  me  to  examine  the  fame  founds  upon  mufical  inftruments. 
With  this  view  I  applied  firft  the  tuning-fork  and  afterwards  the  watch,  upon  bafes,  violins^ ' 
mandolins,  guitars,  harpfichords,  and  horns.    Both  founds  were  proportionally  increafed. 

They  appeared  to  acquire  more  force  and  melody  by  means  of  the  mufical  inftruments 
than  on  the  other  bodies.  The  intenfity  feemed  dlreftly  in  proportion  to  the  volume  of  the 
inftrument. 

From  thefe  experiments  it  follows : — i.  That  all  the  fubftances  which  were  tried,  which 
pofiefied  extended  furfaces,  fortify  the  weak  founds  produced  by  bodies  which  touch  them^ 
and  modify  the  tone  in  a  manner  peculiar  to  each. 

2.  That 
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.2.  That  diefe  efFefis  arife  from  the  tranfmiflion  of  found  by  folid  bodies  being  in  general 
.  better  than  by  the  air,  and  the  peculiar  modification  of  the  tone  by  each. 

3.  That  the  refonance  of  muCcal  inflruments  is  mor^  particularly  to  be  attributed  to  this 
caufe*. 

4.  The  experiments  with  muHcal  inflruments  a6Ford  reafon  -to  conclude  that  the  volume 
of  bodies  has  an  influence  on  their  refounding  properties. 

5.  M.  de  Maupertuis  f  has  affirmed  that  the  refonance  of  mufical  Inflruments  is  owing  to 
the  inftrumcnt  containing  fibres  of  every  poffible  length-,  each  found  puts  thofe  in  motion 
which  are  either  in  unifon  or  concord  with  itfelf,  while  the  otliers  remain  motionlefs  J. 
But  the  fecond  experiment,  in  which  it  is  fliewn  that  tliere  is  no  part  of  any  refounding 
body  which  does  not  tranfmit  the  founds  will  not  admit  of  the  adoption  of  the  ingenious 

*  thought  of  that  celebrated  author. 

6.  As  marble  in  fome  degree  extinguifhes  found,  and  bears  the  fame  rank  among  folid 
bodies  as  inflammable  air  among  fluids,  it  is  not  advifable  to  ufe  it^  in  the  conflruflion  of 
churches,  concert-rooniiSy  theatres,. or  other  edifices  in  which,  the  propagation  of  found  is 
defirable. 

Such  are  the  principal  refults  of  experiments  which,  on  the  whole,  have  engaged  my.  at* 
.  tention  for  a  number- of  years  \  notwithflanding  which,  1  have  not  been  yet  able  to  extend 

them,  particularly  thofe  belonging  to  the  fecond  part,  as  far  as  they  are  capable  of  being 
.  carried.     1  fhall  not,  however,  have  the  mortification  to  think  my  endeavours  ufelefs,  if 

the  fociety  to  whom  my  works  are  addrefled  fhall  think  they  may  conflitute  an  addition  to 

•  tbefum  of  the  dificoveries  ia  fcience  which  they  continually  prefent  to  the  world. 


Annotations  to  the  Paper  ofM.  Perrole  on  Sound, 
THE  philofophy  of  found  is  flill  exceedingly  imperfe£l.  Mathematicians  have  efla* 
blifhed  theories  upon  the  fimple  data  that  fonorous  bodies  vibrate,-  and  that  thefe  vibrations 
are  communicated  to  the  furrounding  elaflic  fluid,  of  which  the  denfity  and  fpring  are  mea* 
furable.  M.  Perrole's  experiments  fhew  that  the  objedl  of  refearch  comprehends  much 
more  than  this.  The  following  queries  and  remarks  may  perhaps  prove  of  iboie  advantage 
to  the  curious  enquirer: 

I.  There  can  be  no  doubt  but  that  undulation  in  the  air  accompanies .  its  propagation  of 
found,  and  that  fonorous  bodies  are  put  into  a  vibrating  flate  by  percuflion.  The  proofs 
of  this  are  too  numerous  to  be  detailed.  Sound  propagated  through  fluids  feems  to  diminifh  ia 
proportion  to  the  dillance,  and  fo  probably  it  does  in  folid  bodies.  Its  intenfity  mufl  depend 
upon  the  elaflicity  and  denfity  jointly.  I'he  military  praftice  of  lying  down  on  the  ground 
to  liflen  for  footfleps  is  well  known ;  and  Dr.  Franklin  relates  that  he  heard  the  blow -of 
two  flones  Aruck  together  at  the  diflance  of  near  a  mile,^  fmart  and  flrong  as  if  clofe  at 
the  ear  $.  We  have  no  information  refpe£ling  the  velocities  of  founds  prppagated  through 
folid  bodies. 

*  The  numerous  furfaces  which  thefe  inftniments  prefent  mud  likewife  render  them  more  fonorous.    P. 
f  Acad.  PsriSy  \^t^^ 

{  The  memoir  of  M.  de  Maupertuis  relates  to  flringcd  inflruments  only.  'P. 
'   §  Experiments  and  Obfervations*  >  London,  1774)  pr445. 

I  2.  As 
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i.  As'found  pafies  through  the  air  v!th  a  velocity  of  1141  feet  in  a  fccond,  and  the 

Swifted  wind  does  not  pafs  with  a  velocity  ef  90  feet  in  the  fame  thne ;  it  might  naturally 

be  inferred  that  the  Telocity  of  found  with  or  againft  the  wind  ought  to  be  fomcwhat  af- 

fe£led,  but 'its  intenfity  very  little.    The  contrary,  however,  is  the  cafe;  from  which,  and 

other  circumftances,  fome  philofbphers  have  been  difpofed  to  conclude  tliat  the  medium 

<by  which  found  is  tranfmitted  is  not  air,  but  another  fluid  of  greater  fubtilty. 

3.  Sounds  feem  more  intenfe,  and  are  heard  to  a  greater  diftance,  by  night  than  by  day. 
In  a  ftili  night,  the  voices  of  the  workmen  at  the  dillillery  at  Batterfea  may  be  heard  at 
Weftmirifter  Bridge,  over  an  interval  of  about  three  miles ;  the  watch-word  at  Portfmouth 
may  be  heard  at  Ride  in  the  He  of  Wight,  the  diftance  of  which  i»  between  four  and  five 
miles;  and  numerous  inftances  are  related  of  the  propagation  of  weak  founds  to  much 
greater  diftances,  without  mentioning  thofe  of  \«rhich  the  intenfity  is  greater.  It  is  a  prac- 
tical queftion  of  fome  importance  to  afcertain  whether  this  difference  may  arife  from  the 
difTerent  flatc  of  the  air,  the  greater  acutenefs  «f  the  organ,  or  the  abfence  of  the  ordinary 

.  noifes  produced  in  the  day.  By  attentive  liftening  to  the  vibrations  of  a  clock  in  the  night, 
and  remarking  thedifRsrence  between  the  time  when  no  other  noife  was  heard,  and  when 
«  coach  pafTed.along,  it  has  appeared  clear  to  me  that  this  difference  arifes  from  the  greater 

'Or  lefs  (lillnefs  only,  and  that  no  voluntary  effort  or  attention  can  render  the  near  found 
much  more  audible,  while  anodier  noife  adls  upon  the  organ.  In  this  fituation  the  ear  is 
nearly  in  the  Hate  of  the  eye,  which  cannot  perceive  the  ftars  in  the  day  time,  nor  an  ob- 
jeft  behind  a>candle. 

4.  It  would  be  impoffible  to  ufe  optical  inftruments  in  the  day  time,  if  the  light  of  other 
objeds  befides  thofe  to  whkh  the  attention  is  direAed  were  fuffsred  to  mix  itfelf  with  the 
rays  admitted  into  the  field  of  view.  In  flie  fame  manner  it  feems  that  we  have  little  to 
hope  with  regard  to  the  improvement  of  acouftic  inftruments  for  d;iy  ufcj  if  the  firft  re- 

^quifite,  namely,  the  exclu£on  of  unneceflary  found,  canhot  be  obtained. 

5.  Numerous  experiments  have  (hewn  that  fbUnd  can  be  refledled,  and  that  the  im« 
preffion  on  the  ear  is  greater  or  lefs,  according  to  the.  difpofition  of  the  reflecting  bodies. 
Optical  inftftements  are  difpofed  in  tubes  of  fuch  a  length,  that  the  rays  of  light  which 
^rife  from4  ^mall  portion  of  fhe  vlfible  hemifphere  can  alone  reach  the  organ  of  perceptioi^ 
All  the  others  ftrike  the'farface  of  the  tube,  and  after  one  or  more  reflections  are  almofl 
totally  abforbed  or  loft.  It  remains  to  be  afc^airtcd  from  reafonipg  and  experiment, 
how  far  the  fame  eflfeCt  may  be  produced  with  regard'to  found.  With  a  cylindrical 
wooden  pipe,  three  inches  in  diameter  and  eight  feet  in  fength,  at  the  diftance  of  two 
tniles  from  London,  1  liftened  to  the  noifes  ^hich  came  ff^'  that  capital.  I  think  I  did 
not  deceive  myfelf  by  any  prepoffeflion,  when  I  dlftinflly  hekrd  "the  noife  and  agitation  of 
wheels  on  the  pavement  much  more  ftrongly  than  any  otlier  kind  of  found.  Nearer 
founds,,  not  in  the  diredlion  of  the  rube,  were  lefs  pctceivfed';  and  fuch  as  were  loud  af- 
fumed  a  mufical  tone;  moft  ptobabljr  from  the 'rdfelrated  reflections  under  the  feveral 
angles  of  its  reception.  I  confider  this  experiment  lis  of  little  other  value  than  as  ferving 
to  convey  an  hint,  that  a  tube  lined  with  cloth  might  diefend  an  acouftic  inftrument  from 
founds  out  of  the  lirie  of  its  direAion,  while  the  inftrument  itfelf  might  magnify  and 
render  diftinA  the  found  required  to  be  heard. ' 

6.  M.  Peitble  Conjectures,  at  thfc  end  cJp  th^  firft  part  of  his  memoirj  that  fonorous 
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bodies  do  not  vibrate  during  the  propagation  of  found,  becaufe  the  water  ia  hit  eariour 
experiment  of  the  watch  was  not  fecn  to  move.  He  has  overlooked  the  very  great  num* 
I>cr  and  minutenefs  of  the  vibrations  required  to  produce  found.  They  cannot  be  vifible 
but  in  cafes  of  extreme  fimpHcity  and  intenfity.  The  firing  of  a  muiical  inftrument  emits 
found  long  after  its  vibrations  have  ceafed  to  be  vifible.  He  likewife,  at  the  end  of  his 
fecond  part,  objc£ls  to  the  theory  of  Maupertuis,  which  fuppofes  that  fonorous  and  refonant 
bodies  fubdivide  tbemfelvesi  fo  as  to  vibrate  differently  in  different  parts.  But  the  body  in^ 
queftion  may  be  confidered  under  difTerent  points  of  view.  i.  As  the  medium  of  fbundi  it 
may  coiidu£l  or  tranfmit  every  found  indifferently.  2.  If  its  fimplicity  of  figure  and  tex- 
ture be  fuch  as  to  produce  very  few  founds  at  a  time,  it  will,  upon  tlie  whole,  emit  a  mufir 
cal  tone.  For  I  confider  a  mufical  tone  as  one  or  more  fimple  founds  in  concord  with  each? 
other ;  and  a  noife,  as  a  greater  number  not  pofTefling  the  fame  relation.  Thus,  the  noife; 
produced  by  preffing  down  an  indifcriminate  number  of  contiguous  keys  in  the  organ,  is  h- 
far  from  being  mufical,  that  it  feems  afLonifbing  tliat  the  aggregate  of  pipes  fo  melodious 
(hould  produce  a  found  fo  harfh.  3.  Or  the  body  in  queftion.  may  afliit  or  impede  the 
found  of  another  fimple  body,  fuch  as  a  ftring  with  wliich  it  is. in  conta£^^  When  it  afliflt 
that  found,  it  does  not  feem  improbable  that  the  eSe£k  pointed  out  by  Maupertuis  may  really 
take  place.  For  the  divifion  of  bodies,  his  fiippofition  requires,  is  known  to  take  place  in 
the  fingle  ftring  which  gives  the  trumpet  notes,,  and  has  on  that  account  been  called  the 
trumpet  marine  \  and  alfo  in  bells,  which  not  only  give  a  fet  of  diftind  contemporaneous 
tones  dififering  in  acutenefs,  but  to  a  certain  extent  are  found  to  alter  the  fyftem  according 
to  the  plan  of  percufFion.  And  again,  it  will  readily  be  imagined  by  thofe  who  take  fo 
m^uch  pains  in  experiments  for  fixing  the  found  poft  of  the  violin,  that  the  refonance  which 
is  fo  much  affedied  by  this  difpofition,  is  more  probably  of  the  whole  inftrument  than  merely 
of  its  part&  as  condufiors  of  found. 

7.  The  figure  of  the  external  ear,,  which  is^  made  up  of  a  feries  of  coneavities  with  ftops 
or  bridges  interpofed,  is  an  objed^  which>  as  far  as  I  know,  has  never  yet  been  explsuned^ 
or  enquired  into.  In  the  cat  and  other  animals  this  ftru£lure  appears  to  be  very  complir 
cated.  After  the  found  or  aeriaf  undulation  has  been  modified  and  conveyed  into  the  ear 
through  this  apparatus,  it  is  received  upon  the  ftretched  membrane  called  the  tympanum. 
Tliis,  as  well  as  the  other  membranous  parts  of  the  internal  ear,  feems  evidently  adapted 
to  vibrate  by  the  aAion  of  found ;  and  moft  probably  after  the  manner  that  a  mufical  ftring 
vibrates  when  another  ftring  is  made  to  found  in  its  vicinity,,  and  emits  a  tone  in  concord 
not  too  remote  from  unifon.  From  this  iz€t  and  the  formation  of  the  ear,  a  queftion  mzj 
be  propofedof  fome  confequence  with  regard  to  the  conftrudlion  of  acouftic  inftruments:. 
Whether  the  found  produced  by  a  remote  body  or  that  which  is  emitted  by  a  correfpondent 
vibrating  body„  at  a  lefs  diftance  from  the  organ,  be  the  moft  perceptible  ?  For  example,  if 
two  ftrings,  A  and  B^  be  tuned  in  unifon,  and  the  ftring  A  be  ten  feet  from  the  ear,  while  the 
ftring  B  is  placed  at  the  diftance,  for  example,  of  one  indh  from  the  fame,  cnrgan  ^^^whether 
the  fecondary  found  of  B,  when  A  is  ftruck,  may  not  be  more  perceptible  than  the  original 
found  of  A  ?  It  is  unnecelTary  to  enter  into  confiderations  of  the  mechanical  circumft^^ices 
under  which,  from  theory,  this  or  the  contrary  efFe£b  may.  take  place.  It  may  be  fufficient 
in  this  very  remote  view  of  the  fubjeft  to  remark,  that  in  point  of  faft  the  influence  o£ 
founds  may  extend  further  than  the  organ  can  perceive  them.    I  was  once  in  a  room  facing 
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tke  ftreet,  in  LondoAj  when  I  percehred  the  window  to  be  agittted  ixdth  certsun  tremulous 
motions^  attended  with  a  confiderable  found.  The  reiterationa  were  fliort  and  diftind,  three 
or  four  at  a  time ;  and  then  ceafed  till  a  fecond  and  a  third  repetition  of  the  fame  effe£l: 
took  place.  This  remarkable  procefs  continued  to  increafe  in  intenfity  of  found,  and  en- 
gaged my  attention  for  about  a  quarter  of  an  hour ;  after  which  the  nearer  approach  of  one 
of  thofe  inftruments  called  a  tambourin,  compofed  of  parchment  ftretched  on  a  hoop,  and 
played  upon  by  rubbing  th&extremity  of  the  finger  upon  its  furface,  evinced  that  the  agita- 
tion and  found  emitted  by  the  window  had  been  caufed  by  the  Tibrations  of  that  inftrument. 
Hence  it  fbould  appear,  that  the  judicious  conftrudlion  of  an  inftrimient  for  receiving  and 
magnifying  founds  would  not  only  require  a  fcientific  arraigement  of  an  external  part 
to  exclude  foreign  founds,  and  refleding  furfaces  to  modify  and  augment  the  dire£^  undula« 
tions ;  but  that  the  laft  cStOi  ihould  be  received  on  a  tympanum  capable  of  adjuftment  in  its 
tenlioni  and  thence  conveyed  by  a  proper  veftibule  to  the  organ  of  perception  itfelf.  If  the 
fcience  of  receiving  and  augmenting  founds  were  once  improved  to  the  degree  here  iketched 
out,  there  would  probably  be  no  difficulty  in  magnifying  founds  intended  to  be  conveyed 
from  one  place  to  another. 


VI. 

Concerning  the  Steam^Engine  as  originally  invented'by  the  Marqms  of  JVoRCRSTEJR^  and  the 
Improvements  f  nee  made  in  Steam^Engines  without  the  Pifton  or  Lever.  With^a  Defcription 
of  an  Engine  of  this  Kind  conJtruBedhj  Mr*  Peter  Kijer^  of  Kenti/b  Town* 


Ti 


HE  Marquis  of  Worcefter  is  the  undoubt6d  inventor  of  the  (leam-engine,  which  is 
defcribed  in  his  Century  of  InventionSr  From  the  title,  he  appears  to  have  conftru£ted 
one  before  the  year  1655.    ^^  words.  No.  68,  are  as  follow : 

<<  An  admirable  and  mod  forcible  way  to  drive  up  water  by  fire,  not  by  drawing  or  fuck- 
ing  it  upwards  \  for  that  mud  be,  as  the  philofopher  calleth  it,  intra  fphseram  afHvitatis, 
which  is  but  at  fuch  a  diftance.  But  this  way  hath  no  bounder,  if  the.vefTels  be  (krong 
enough ;  for  I  have  taken  a  piece  of  a  whole  cannon  whereof  tlie  end  was  burft,  and  filled 
it  three  quarters  full  of  water,  (topping  and  fcrewing  up  the  broken  end,  as  alfo  the  toucli- 
hole ;  and  making  a  conltant  fire  under  it,  within  24  hours  it  burft  and  made  a  great  crack  ; 
fo  that,  having  a  way  to  make  my  vefiels  fo  that  they  are  ftrengthened  by  the  force  within 
them,  and  the  one  to  fill  after  the  other,  I  have  feen  the  water  run  like  a  conftant  foun- 
tain  ftream  forty  foot  high.  One  veffel  of  water  rarefied  by  fire  driveth  up  forty  of  cold 
water.  And  a  man  that  tends  the  work  is  but  to  turn  two  cocks,  that,  one  veflfel  of  water 
being  confumed,  another  begins  to  force  andre-fiU  with  cold  wateij  and  fo  fucceffively;  the 
fire  being  tended  and  kept  conftant  \  which  the  felf-fame  perfon  may  likewifeiy  abundantly 
perform  in  the  interim  between  the  neceflity  of  turning  the  faid  cocks." 

Plate  XVII.  Fig.  i,  reprefents  the  fteam-engine  which  was  made  by  Captain  Savery,  and 
generally  fuppofed  to  be  tlie  (ame  as  the  Marquis  of  Worcefter's.  A  reprefents  a  boiler 
containing  water,  the  fteam  of  which  may  be  tranfmited  into  either  of  the  vefiels  fi  and  C 
by  means  of  the  cocks  D  £.    The  vefiels  have  a  comzpunicatiou  at  bottom  with  the  ver« 
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tipalpipe  FG*^  Thefe  communicationrare made- bet^^eca two  valvcs.£l1fand  K  L  open*- 
ing  upward* ;^  and  the  effe£t  is  as  follows:  Ihiagioerthe  upper  part  of.  die  pipe  to  bus  fillect 
with  water,  for.  the  purpofe  of  rendering  the  naltos  tigHt^  and  let  the  cock  D  be  tumedl 
Ulie  (team  from  the  boiler,  being  lighter  than  the  air  included"  in  the  veflel  B,  espels  thae 
air,  whichf  not  being  permitted  to  pafs^  through. the  valve  H^  iflUes  upwards^  through  I.  In 
this  fituation,  let  the  cock.  D  be  fhut^^and  cold  water  be  thrown,  uponr  B,  or,  which  is  much 
better^  fpouted  into  it;  and  the  fteam  w;^l  become  condenfedi  and  leave  an  empty  fpace  into 
which  the  preiTure  of.  the  atmofphere  at  9  will  force  the  water  upwards  through  the  valve 
IL  Whtle  this  it  psrformingi  the  cock  E  is  to  be  opened,  and  the  air  from  the  veiTel  C  ex- 
pelled by  the  (team  in  the  faitie  manner.  This  is  the  regular  feries  of  operations,  and  is 
repeated  a  fecond  time  by  (hutting  the  cock  K,  cooling  tbe  vefTel^C,  and  opening  the  cock 
D.  By  thefe  means  the  water  rifes  from  F  into  the  ve(&lG>. while  the  (team  firom  the  boiler 
pre(ree  the  water  out  of  B,  through  the  valve  Ij  to  G.  The  whole  procefs  therefore,  (impli- 
fied'by  attending  to  one  of  the  veifel»only,  is*  found  to  confift  in  expelling  the  air  by  (team  \, 
forming  a  vacuum  by  coi^nfiition  into  which  the  water  nibs,  and  then  forcing  that  water 
upwards  by  new  fteam,.  wnich,  being  condenled  as  before,  is  replaced  by  new  water  \  and' 
fo  forth » 

To  what  prajiical  extent  the  experiments  of  the  Marquis  of  Worccftcr  were  carried, 
does  not  appear ;  but  it  was  near  the  end  of  the  feventeenth  century,  when  Captain  Savery 
propofed  this  engine  as  an  invention  of  his  own,  for  raifmg  water  and  draining  mines* 
Prony,  in  his  Archite£ture  Hydraulique,  i.  564,  fays,  he  publi(bed  his  Mtnev's  Friend  abopt 
1699.  Defaguliers,  in  his  Courfe  of  Experimental  Philofophy,  3d  edition,  ii.  465,  does 
not  fcruple  toafHrm,  that  Savery  had  this  invention  from  the  Marquis  of  Worcefter's  book  ; 
but  has  not,  it  muft  be  confefled,  given  to  his  aflertion  all  the  proof  it  might  require.  Qe 
faySj  that  Savery  bought  up  all  the  copies  of  the-Century  of  Inventions  which  he  could 
procure,  and  burned  them  ;  and  that  he  ufed  to  relate  a  (lory  as  the  f]r(t  hint  of  his  invent 
rion  :  that  having  drank  a  flaik  of  Florence  at  a  tavern^  and  thrown  the  empty  fla(k  upon> 
tbe  fire,  he  called  for  a  bafon  of  water  to  wa(h  his  hands  \  and  perceiving  the  little  wine 
left  in  the  flafk  had  filled  it  with  (team,  he  took  it  by  the  neck  and  plunged  its  mouth  in 
the  water^  which  was  immediately  driven  up  by  the  preflure  of  the  air.  On  this  incident,. 
Dr.  D.  remarks,  that  it  could  not  have  fo  happened^  becaufe  when  he  himfelf  had  repeated 
the  experiment  by  boiling  half  a  glafs  of  wine  in  a  fia(k,  and,  putting  on  a  thick  glove  to 
defend  his  hand,  had  plunged  its  mouth  beneath  the  furface  of  water,  the  preflure  of  the 
atmofphere  was  fo  (trong  as  to  beat  the  flafk  ottt  of  his  hand  againd  the  cieling— -a  ciroim- 
ftance  with  which  he  does  not  doubt  but  that  the  Captain  would  have  embcllifhed  his  tale 
if. he  had  made  the  experiment. 

It  appears  to  me,  neverthelefs,  that  fomewhat  more  than  thefe  incidents  ought  to  be  rc^ 
quired  to  e(tabli(h  the  charge  of  deception  againft  Savery,  who,  in  the  courfe  of  probabilities, 
m^ht  have  invented  the  (team-engine  half  a  century  after  the  Marquis  of  Worceder,  whofe 
defcription,  clear  as  it  now  feems  to  us  who  know  the  engine,  was  not  perhaps  enough  fo  as 
to'  attra&  much  attention,  in  company  with  one  hundred  other  enigmatical  propofals.  Captain 
Savery  being  a  patentee,  and  having  probably  a  confiderable  interelt  depending,  might  be  as 
ftrongly  urged  to  fupprefs  the  Marquis  of  Worceftcr^s  book  on  that  account,  as  for  the  rea- 
fon  aflerted  by  Defaguliers.     And  with  regard  to  the  experiment  of  tlie  flalk,  if  is  hardly 
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allowable  for  a^  philofbpher  to  conclude  that  the  eicperiments  of  another  arcrfalfeor  impoffi-» 
ble,  bccauftf  they  do  not  agree  with  his  own.  I  fuppofe  Defaguliera  made  his  experiments 
with  more  wine  and  more  heat  than  Sarery  \  and  if  I  were  difpofed  to  reafon  againft  the 
relation  of  a  pofitive  hOt^  I  (hould  be  inclined  to  doubt  the  projeAion  of  the  flafk  againft 
the  ceiling  by  an  exertion  of  atmofphcrical  preffure^  which  mud  have  been  as  ftrong  on  the 
outer  as  on  the  inner  furface  of  the  vcfleh  And  in  this  doubt  I  (hould  be  dill  more  fettled^ 
from  having  myfclf  very  often  repeated  the  experiment  without  any  fuch  refult.  But  the 
integrity  of  Defaguliers  forbids  any  fuch  infinuation.  Under  certain  circumitances  the 
flafk  might  have  been  beaten  out  of  his  hand ;  but  it  does  not  follow  that  thofe  circum- 
ftances  were  prefent  in  Captain  Savery's  experiment. 

The  Marquis  of  Worcefter  was  the  firft  inventor  of  the  (leam-engine.  Savery  was  either 
the  fecond  inventor,  or  he  had  the  ingenuity  to  difcern  a  valuable  invention  in  the  midft  oC 
loofe  hints,  and  to  give  it  organization  and  effeft. 

We  do  not  know  how  the  Marquis  of  Worcefter  condenfed  his  fleam,  or,  indeed,  whe- 
ther he  condenfed  it  at  all ;  for  it  certainly  does  not  require  condenfation  unlefs  for  what  is- 
called  fucking.  It  is  faid,  that  the  condenfation  in  the  firft  engines  was  effe£ted  by  water  on;- 
the  outfide  of  the  veflcl  ;  but  in  Savery's  engines  it  was  performed  within  the  veflel.    Seve* 
ral  of  his  engines  were  made  with  only  one  fteam- veflel,  and  Defaguliers  found  by  experiment^,, 
that  this  kind  is  confiderably  better  than  fuch  as  have  two ;  becaufe  the  a£lion  of  the  fteam 
is  rendered  more  fudden,  and  the  chemical  condenfation  during  the  procefs  of  forcing  is. 
lefs.    This  excellent  philofbpher  and  pradlical  engineer  made  feveral  other  improvements 
in  this  engine  and  its  parts,  which  may  be  feen  in  his  work  laft  quoted :  but  the  fubfequent 
invention  of  the  fteam>engine  with  a  pifton  and  lever,  and  the  improvements  which  have  been 
made  therein,  feem  to  have  greatly  retarded  the  progrefs  of  the  original  (imple  machine. 

Dr.  Papin,  well  known  for  his  invention  of  the  digeflor,  was  bufied  in  experiments  on 
fteam.  Prony,  in  his  Archite£ture  Hydraulique,  i.  566,  mentions  a  work  of  his,  printed  at 
Caflel  in  1707,  under  the  title  of  Nouvelle  Maniere  d^eleverPEaupar  la  Force  de  FeUy  in  which 
a  fteam-engine  is  defcribed  which  differs  from  that  of  Savery,  but  may  equally  accord  with  the- 
defcription  of  the  Marquis  of  Worcefter.  From  the  engraving,  fig.  268,  in  his  fecond  vo-  , 
lume,  it  appears  to  have  confifted  of  a  fpheroidal  boiler,  a  cylindrical  fteam-vcflcl  into  which 
was  fitted  a  float  or  pifton,  and  an  air -veflel  which  received  the  water  from  eaehftrokc 
previous  to  its  being  forced  by  re-adion  to  a  greater  height.  The  water  flowed  through  a  pipe 
with  a  valve  opening  downwards,  whence  it  paiTed  beneath  the  pifton  which  floated  upon  it. 
The  defcent  of  the  pifton  was  eflTeQied  by  the  fteam,  and  its  afcent  byjthe  aftion  of  the  wa- 
ter from  the  original  ftockj  at  which  period  the  fteam  was  fuflfered  to  efcapc  into  the  air  by 
means  of  a  cock,  and  the  communication  between  the  boiler  was  ffaut  ofl^. 

In  thefe  engines  it  may  readily  be  apprehended  that  the  aftion  of  the  diredl  fteam  on' 
any  definite  furface,  fuch,  for  example,  as  a  fquare  inch,  will  be  accurately  equal  to  the  re- 
action of  the  water  which  is  forced  up*,  and  confequently,  that  Savery's  engine  will  require 
fteami  more  elaftic  than  the  air  of  the  atmofphere^  in  every  cafe  except  that  wherein  the 
water  is  raifed  by  fuftion,  and  afterwards  fuflfered  to  flow  out  of  the  bottom  of  the  veflTel 
into  a  channel  or  ciftern.  But  if  this  aflion  of  fteam  be,  by  the  intervention  of  fome  me- 
chanifm,  tranfmitted  to  the  place  where  it  is  intended  it  fhall  operate,  it  will  be  poflible  ta- 
regulate  the  proportions  in  any  defired  manner.     It  was  very  early  in  the  prefent  century 
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that  Newcomen  and  Cawley  began  their  trials  of  improvement  of  the  fteam*engine  with  a 
cylindrical  fteam-veflel  and  pifton  deprefled  by  the  weight  of  the  atmofphcre,  by  which  meana 
they  obtained  a  fafe  application  of  power  for  raiCng  water  to  heights  far  beyond  any  in  which 
the  old  engine  could  be  truiled,  on  account  of  the  extreme  ftrength  required  in  the  boiler 
and  fteam  apparatus.    This  event  is  probably  the  caufe  ^irfiy  fo  little  has  fince  been  done 
to  remedy  that  leading  imperfe£Uon^  or  to  adapt  the  original   machine  to  work  icfeU' 
without  an  attendant.     It  is  certain,  however,  that  the  weight  of  the  apparatusi  and  fric- 
tions of -the  parts,  in  all  fteam  engines  with  a  pifton  and  lever^  have  prevented  their  being 
extenfively  ufeful  in  fmall  undertakings,  fuch  as  the  blowing  of  fmall  furnace-bellows,  the 
drawing  of  boats  and  carriages,  with  numberleb  other  operations  where  forces  not  exceeding 
one,  two,  ar  three  horfes  are  wanted.     In  thefe  (q>eration8  it  is  highly  probable  that  the 
ettgine  of  Savery  would  be  very  ufeful,  If  it  were  made  to  work  without  an  immediate  attend- 
ant ;  for  Defaguliers  found  the  advantage  greatly  in  favour  of  Savery*s  engine,*  on  a  (mall 
fcaie,  compared  with  Ncwcomen's  lever-engine.    He  had  an  engine  of  the  former  conftruc- 
tion  in  his  garden,  which  railed  ten  tons  of  water  an  hour,  about  thirty-eight  feet  high ; 
and  a  friend  of  his  erefied  a  working  model  of  the  lever-engine  on  the  fame  fpot*    The 
boiler  of  this  laft  was  exaAiy  of  the  fame  fize  as  that  of  Defaguliers,  and  his  cylinder  was 
fix  inches  bore  and  about  tyo  feet  in  length.     It  raifed  four  tons  per  hour  into  the  fame 
cittern.     It  coft  three  hundred  pounds  \  but  the  engine  on  Savery's  conftrudion,  having  all 
copper  pipes,  coft  but  eighty  pounds. 

It  muft  not  be  overlooked,  however,  that  tfaisiaccount  affords  no  ftatement  of  the  quan- 
tlty  of  fuel  coniumed  under  each  boiler.  It  might  perhaps  have  beoi  the  cafe,  that  Savery *s 
boiler  could  have  fed  a  larger  cylinder.  But  at  all  events  there  is  no  doubt  of  the  fa£^, 
that  the  beft  lever-engines  cannot  be  advantageoufiy  ufed  when  fmaller  than  a  determinate 
fize  \  and  that,  on  account  of  the  .charge  of  attendance  to  open  and  (hut  the  cocks,  no  trials 
have  been  made  to  fliew  upon  how  fmall  a  fcat^  Savery's  engine  might  be  rendered  ufeful. 

An  engine  upon  Savery's  principle,  with  variousjudicious  improvements,  was  ere£led  four 
years  ago  by  Mi.  Kier,  at  his  manufa£lory  of  coach  axle-frees  near  Pancras,  where  it  has 
almoft  conftantly  been  worked  without  repair.  It  is  perhaps  on  too  large  a  fcale  to  afford 
much  information  refpe£ling  this  queftion ;  but  is  certainly  of  confiderable  value,  not  only 
becaufe  it  works  without  an  attendant,  and  regulates  its  own  motions,  but  alfo  becaufe,  as 
might  naturally  be  expeAed,  the  wear  and  tear  is  altogether  inconfiderable.  He  has  per- 
mitted me  to  give  an  account  of  this  engine. 

The  Iketch  Fig.  2.  Plate  XVII.  reprefents  this  engine,  without  extreme  pretenfions  to  ac- 
curacy, but  upon  a  fcale  of  a  quarter  of  an  inch  to  a  foot.  R  reprefents  an  oval  boiler 
feven  feet  long,  five  inches  wide,  and  five  deep.  The  proprietor  confiders  it  as  being  of  di- 
meafions  fuilicicnt  to  work  a  larger  engine  \  a  circumftance  which  muft,  in  a  certain  degree, 
diminifli  the  efieflsof  the  prefent.  It  feeds  itfelf  in  the  ufual  manner,  with  water  conveyed 
through  a  pipe  at  tlie  end  of  which  is  a  valve.  This  valve  does  not  open  until  the  fall  of 
the  water  within  the  boiler  has  fufiered  a  float  to  fubCde,  which  by  its  aftual  weight  affifts 
todjraw  it  open,  but  by  its  tendency  upwards,  as  the  water  in  the  boiler  rifes,  ferves  effec- 
tually to  clofe  it.  The  boiler,  therefore,  remains  conftantly  at  or  i^ear  the  fame  degree  of 
fttllnefs.  The  fteam  is  conveyed  by  a  pipe  T AV  to  a  box  B,  through  which,  by  the  open- 
iR|;  and  (hutting  of  a  valve,  it  can  be  conveyed  to  the  working  cfaambc)r  £.    The  axis  C- 
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fenrei  aa  a  key  to  open  and  (but  the  valve*  NO  is  a  ciftern  of  water,  from  which  the  fup- 
ply  is  made  through  the  vertical  pipe  in  which  the  valve  Q^is  placed  *,  and  GG  is  another 
ctdern  into  whkh  the  water  is  delivered  through  the  pipe  F^which  is  provided  with  a  valve 
H  opening  outwards.  IM  reprefents  an  overftiot  wheel  eighteen  feet  in  diameter,  moving 
on  the  axis  KL,  and  communieating  its  nu)tion  to  the  lathes  and  other  rotatory  engines  of 
the  manufa£tory.  The  water  ia  both  the  cifterns  becomes  warmer  than  the  hand  after 
workii>g  a  (hort  tin>e  \.  for  which  reafon  the  injedion-water  is  forced  up  by  a  pump  from  a 
well  fnpplied  by  the  fmaU  ftream  on  which  thefe  works  are  edabliflied.  A  leaden  pipe 
pafTes  from  thb  forcing  pump  to  the  upper  or  conical  part  of  the  chamber  E>  for  the  pur- 
pofe  of  in}eQ:ing  cold  water  at  the  proper  time.  Neither  of  thefe  could  be  reprefented  with 
convenience  in  the  prefent  fe£lion« 

The  manner  in  which  the  fteam  and  cold  water  are  alternately  admitted  into  the  chamber 
£,  remains  to  be  explainedl  Upon  the  extremity  K  of  the  axis  of  the  overfhot  wheel  there 
Is  fixed  a  foiid  wooden  wheel  about  four  feet  in  diameter,,  reprefented  in  fig.  3,  as  feeu  in 
front,  and  alfo  in  profile,  where  the  fmall  letters  denote  the  fame  things  as  are  marked  by 
the  large  letters  of  the  alphabet  in  the  front  view.  ABCD  arc  four  cleats^  all  or  any  number 
of  which  may  be  fixed  on  the  wheel  at  a  time.  Each  cleat  has  its  correfpondent  block 
EFGH  on  the  oppofite  furface  of  the  wheeL  The  ufe  of  thefe  is  to  work  the  engine.- 
Suppofe  the  wheel  IM  or  any  pact  of  the  revolving  apparatus  be  drawn  round  by  hand,  one 
of  the  cleats  meets  in  its-  rotation  with  a  lever  which  opens  the  fteam-valve  by  a  bar  of  com- 
munication reaching  to  the  handle  of  the  axis  C>  fig,  2.  The  (team  confequently  pafies  into  the 
chamber  E,  and  the  (team-valve  (huts  again  as  foon  as  the  cleat  has  pafied.  Speedily  after 
this  the  correfpondent  block  on  the  other  fide  of  the  wheel  meets  another  lever,  which  is 
fimilarly  attached  to  the  handle  of  the-  forcing  pump,,  and  therefore  tlirows  a  j.et  of  cold 
water  into  the  chamber,  and  condenfes  the  fteam.  The  preflure  of  the  atmofphere  then 
forces  the  water  from  the  ciftern  NO  through  the  valve  Qjowards  the  chamber  E.  When 
the  engine  has  been  long  out  of  work^  I  fuppofe  two  or  three  ftrokes  may  be  neceiTary  to 
vaife  the  water  to  the  top  of  the  chamber.  As  foon  as  this  is  the  cafe,,  the  inj/;£lion  of  the 
fteam  fuf&rs  the  whole  body  of  water  above  the  valve  H  to  overcome  the  preflure  of  the 
atmofphere  and  ru(h  out.  The  water  which  is  raifed  is  (ufiered  to  flow  upon  the  over(hot 
wheel  through  a  fluice,  and  by  that  means  keeps  the  work,  in  motion,,  and  repleniihes  the 
lower  ciftern» 

Hence  we  fee  that  in  tSeGt  this  engine  is  the  fame  as  figure  I.  excepting  that  it  is  not  ap^ 
plied  for  the  immediate  purpofe  of  raifing  water,  but  gives  motion  to  other  apparatus.  It 
is  therefore  unneceflary  to  infift  more  largely  upon  the  mere  operation;  but  the  peculiarities 
of  Mr.  Kier's  engine  are  deferving  of  notice.  In  the  firft  place  it  may  be  obferved,,  that  he 
ufes  no  refervoir  for  his  inje£lbn  water,  but  drives  the  requifite  quantity  up  at  each  ftroke^ 
The  advantage  of  this  is,  that  the  pump  fuftains  the  adUon  of  a  very  (hort  column  of  water^ 
though  it  apparently  forces  to  the  height  of  about  a6  feet.  For  the  column  in  the  pipe  and 
chamber  PE  by  its  re-a£tion  takes  ofi^  the  eSeA  of  an  equal  length  of  column  which  would 
elfe  have  a£led  againft  the  forcer,  and  thus  renders  the  injeAioa  more  eafy  and  quick.  In 
the  fecond  place  it  may  be  obferved>  th^t  he  has  proceeded  direAly  oppofite  to  the  firft  re-- 
mark of  the  Marquis  of  WiMrcefter^  who  rejeds .  drawing  or  fucking  upwards.  .  For  this 
engine  does  not  force  at  all.    The  .water  inerely  falls  out  of  th?  chamber,  and  confequently 
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never  requires  (l<am  ilronger  than  the  atmofphere.  From  the  cifcit  of  tliis  engine  nnder 
circumnances  of  fuch  advantage,  it  may  fairly  be  concluded  that  the  aifiion  of  ileim  againft 
water  in  forcing  can  never  be  beneficial  except  at  a  place  where  fuel  could  be  had  cr- 
ircmcly  cheap.  Thirdly,  it  was  found  at  the  firlt  conftrudllon  of  this  engine,  tliat  the  con- 
fiimption  of  fleam  by  contafl  with  the  water  was  fo  great  that  it  could  not  be  worked  with 
the  fmalteft  advantage.  This  defeat  was  remedied  in  the  prefcnt  engine,  as  well  as  in  an- 
other at  Norwich,  by  fixing  a  fmall  air-valve  in  the  fleam-box,  which  was  flruck  for  an  in- 
flant  immediately  before  the  admiffion  of  the  (learn.  !c  may  be  prefumcd  that  tlic  air  oc- 
cupied a  fpacc  above  the  water,  and  prevented  their  coming  together.  Mr.  Jiier,  however* 
is  difpofcd  to  think  that  the  effeft  docs  not  take, place  iu  this  manner,  but  by  fomc  mixture 
and  fudden  dilatation  of  the  two  fluids  j  becaufc  he  imagines  the  mifchicf  from  the  wet 
cylinder  would  he  the  fame  upon  dcfccnding  fleam.  Much,  however,  maybe  fnid  in  defence 
of  the  oppofite  opinion.  The  air-valve  is  not  at  prefcnt  ufcd,  becaufc  tlie  engine  docs  very 
well  without  it ;  which  is  fuppofed  to  arifc  from  its  being  lefs  air-tight  than  it  was  at  firft. 
Fourthly,  the  motion  of  the  overfliot  wheel  is  regulated  by  an  apparatus  called  a  goveroor, 
■invented,  as  I  think,  by  Mr.  Watt,  and  reprefcntcd  in  figure  4.  The  bar  HI  revolve*  by 
communication  with  the  engine,  and  carries  round  the  balls  A  and  B,  which  move  on  ai 
fixed  joint  C.  When  the  roCalion  is  very  quick,  the  bails  fly  out,  and  draw  down  the 
points  DE,  and  confequently  F,  which  is  fo  conflruflcd  as  to  Hide  upon  the  bar  or  axis  Hf. 
A  lever,  FG,  conneded  with  the  fluice  of  the  upper  ciflern  GG,  fig.  2.  is  therefore  made 
(O  fall  or  rife  accordingly  as  the  velocity  is  greater  or  lefs.  By  this  difpofition,  when  the 
jwhcel  moves  very  fpeedily,  from  lightnefs  of  work  or  any  other  caufe,  the  quantity  <A 
water  thrown  down  from  the  upper  ciftern  is  immediately  diminiftied  j  and,  contnrywife, 
the  quantity  of  water  is  rendered  greater  when  the  flownefs  oi  the  movement  ftiews  that  it 
is  wanted.  When  1  faw  the  engine  at  work,  it  had  but  one  cleat  and  block  upon  its  whcel^ 
and  two  men  were  at  work  at  flrong  lathes,  roughing  out  certain  pieces  of  iron  about  two 
Inches  in  diameter.  Whether  it  were  the  unfteadinefs  of  this  work,  or  the  want  of  fuf- 
ficient  celerity  of  communication,  I  know  not:  but  the  vjriations  iii  tliia  governor  were 
upon  the  whole  more  confidcrable  than  I  have  remarked  in  a  lever-engine  with  a  By  and 
this  apparatus  alfo.  Fifthly,  as  the  injection- water  makes  a  conflant  addition  to  the  fum 
of  the  water  contained  in  the  ciflerns  NO  and  GC,  the  furplus  is  allowed  to  overflow.  If 
it  were  to  overflow  the  lower  riftern,  it  would  warm  the  water  in  the  injeflion  well ;  for 
which  reafon  a  contrivance  becomes  neceflary  to  prevent  that  eflefl.  Mr,  Kier's  contrivance 
is  this: — The  water  of  the  upper  ciflern,  when  at  a  certain  elevation,  overflows  into  a  com- 
munication which  conveys  the  water  to  the  lower ;  fiT  which  reafon  its  contents  can  never 
rife  above  a  certain  level.  There  is  alfo  a  pipe  from  the  bottom  of  the  upper  ciflenif 
which  is  recurved  upwards  to  communicate  with  a  gutter  a  little  lower  than  the  place  of 
overflowing  jufl  mentioned.  It  is  clear,  therefore,  that  the  upper  ciflern  would  always  over- 
flow at  this  pipe  fooner  than  at  the  place  of  communication  with  the  lower  ciflern,  if  there 
were  not  a  valve  within  the  upper  ciflern,  over  the  mouth  of  (he  recutvc<l  pipe.  Now  it 
is  fo  managed  by  means  of  a  float  in  the  tower  ciflern,  that  this  valve  in  the  upper  fliall  be 
opened  whenever  the  water  below  rifes  to  a  certain  level.  And  confequently,  as  foon  aa  ever 
the  lower  ciftcm  has  received  this  portion,  it  can  receive  no  more,  becaufc  all  the  fubfe- 
quent  addition  of  water  will  pafs  avray  by  the  recurved  pipe. 
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This  engine  confumes  fix  bufliels  of  good  coals  in  twelve  hours*  work  when  in  its  beft 
Hate,  or  feven  bufliels  when  at  tlie  word.  Under  thefe  circumftanccs  it  gives  ten  ftrokef 
per  minute,  each  throwing  out  feven  cubic  feet  of  water,  at  an  aperture  twenty  feet  above 
the  water  beneath.  This  quantity,  namely  70  cubic  feet  per  minute,  will  weigh  4345 
^pounds,  which  being  doubled,  to  reduce  it  to  Defaguliers's  ftandard  height  of  ten  feet,  will 
amount  to  S690.  And  this  divided  by  580,  the  number  of  pounds  in  a  hogfliead,  will  give 
a  quotient  of  15,  reprefenting  fo  many  men,  according  to  the  edimate  of  that  author, 
which  he  reckons  equivalent  to  three  horfes.  This  refult  is  not  more  than  half  what  is 
performed  by  the  improved  engines  wiih  a  pidon  of  fuch  a  fize  as  to  be  equal  to  20  or  25 
horfes.  But  how  far  thofe  engines  would  prove  efFeftive  upon  the  fmall  fcale  of  three 
•liorfeS}  or  the  dill  fmaller  fcale  of  one  or  even  lefs,  remains  to  be  decided. 

The  engine  here  defcribed  has  been  at  work  four  years,  and  from  the  fimplicity  of  its 
<ondru£tion  has  yet  exhibited  no  proofs  of  wear.  Mr.  Kier  thinks  it  a  profitable  engine  to 
himfelf,  and  that  it  would  be  ferviceable  for  raifing  water  where  coals  are  cheap.  A  con- 
trivance he  made  in  the  year  1783  might,  perhaps,  with  proper  modifications,  be  ufed  to 
obviate  the  neceffity  of  forcing  where  the  heights  arc  confiderable.  It  is  liable,  however, 
to  fome  drong  objedions,  and  certainly  requires  to  be  maturely  weighed  with  regard  to 
dimenfions  and  efFeds  before  it  fliould  be  attempted  to  be  put  in  pra£lice. 

Fig*  5*  reprefents  the  contrivance  for  forcing,  as  I  find  it  in  the  original  drawing  ;  and  I 
thought  it  unneceflary  to  make  any  alteration  to  adapt  it  to  what  is  called  fucking,  which 
might,  if  required,  be  eafijy  done  by  any  perfon  flightly  acquainted  with  the  fubjefl.  A  \s 
a  boiler,  and  B  a  deam-veflel.  This  lad  communicates  with  the  vefiels  M  L  K  T>  each  of 
which,  except  the  lower  one,  confids  of  two  veflels ;  an  interior  veflel,  clofed  on  all  fides 
excepting  where  it  communicates  with  B  \  where  pipes  P,  O,  N,  I,  enter  the  upper  part  of 
each  ;  and  alfo  where  there  is  a  valve  at  the  bottom,  opening  upwards  :  the  pipes  I N  O 
like  wife  communicate  with  the  three  exterior  vefiels  K,  L,  M.  If  deam  be  let  pafs  from 
A  to  B,  it  is  inferred  that  the  air  will  be  driven  from  B,  and  prefs  upon  the  water  in  the 
lower  veflel  T,  which  will  be  driven  into  the  exterior  veflel  of  K,  but  not  into  the  interior 
.veflel,  becaufe  the  prefliire  of  the  air  through  the  tube  H  is  more  than  fufiicient  to  keep 
the  valve  of  the  apparatus  K  fliut.  The  next  dep  in  the  operation  confids  in  clofing  the 
cock  C,  and  opening  D,  out  of  which  the  re-a£iion  of  the  water  forcing  itfelf  into  T  to  its 
natural  level,  and  into  the  interior  veflTel  of  K  on  the  fame  account,  will  drive  a  portion 
of  deam.  D  is  then  to  be  clofed,  and  C  opened  \  in  confequence  of  which,  the  contents 
of  T  will  be  forced  up  to  K,  as  before ;  and  the  interior  vefliel  K  will  evacuate  its  contents 
into  the  exterior  of  L.  The  deam  being  ftiut  off  at  C,  and  the  cock  D. being  opened  as 
before  5  the  veflel  T,  the  interior  veflel  K,  and  the  interior  veflel  L  will  fill  as  before,  and 
a  larger  portion  of  deam  will  iflTue  from  D.  A  third  repetition  of  the  proccfs  will  drive 
the  contents  of  thefe  three  interior  veflfels  a  dep  higher ;  and  a  fourth  repetition  will  caufe 
the  contents  of  the  upper  interior  veflel  M  to  flow  out  at  P  j  after  which  every  alternation 
of  the,work  with  the  cocks  C,  D  will  throw  out  the  fame  quantity  from  P. 

I  fliall  only  remark  on  this  contrivance,  that  the  veflbl  B  mud  neceflfarily  contain  a  quan- 
tity of  air  capable  of  occupying  the  whole  interior  fpace  contained  in  the  clofed  vefltls 
T  K  L  M,  with  an  allowance  for  the  lofs  of  bulk  in  condenfatlon  under  the  preflure  of  a 
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column  of  water  equal  to  one  of  the  lifts,  and  that  the  quantity  of  (team  to  Be  difchargcd 
at  each  firojie  muft  occupy  a  fpace  equal  to  that  of  all  the  water  moved  at  each  (Iroke,  and 
mud  in  all  cafes  be  confiderably  ftrongcr  than  the  atmofphere. 


VII. 
On  the  Mechanifm  by  which  the  Mariner^ s  Compafs  is  fufpended* 

XF  a  bar  of  iron  be  rendered  magnetical,  by  rubbing  it  on  a  natural  magnet,  or  by  any  of 
the  well-known  procefles  for  that  purpofe  j  it  acquires  the  property  of  difpofing  itfelf  nearly 
in  a  north  and  fouth  line,  whenever  it  is  fufpended  fo  much  at  liberty  that  the  energy  of 
this  power  is  fullicient  to  overcome  the  friftion  or  other  impediments  to  its  motion.  The 
mariner's  compafs  is  an  apparatus  in  which  a  bar  of  this  kind,  called  the  needle,  is  fup- 
ported,  for  the  highly  ufeful  purpofe  of  determining  the  pofition  of  the  meridian  at  fea,  and 
confequently  of  enabling  (hips  to  fleer  their  courfe  by  day  or  night,  without  obfervatioa 
of  the  (lars,  or  any  other  external  objedls,  as  was  neceflary  before  the  difcovery  of  this  in- 
ftrument.  In  a  well-conftrufled  mariner's  compafs  the  needje  is  defended  from  the  im* 
pulfe  of  the  air,  and  is  little  fubjeft  to  be  diflurbed  by  the  external  motions  or  agitation  of 
a  (hip  at  fea.  As  this  difturbance  is,  however,  the  chief  impediment  to  the  convenient 
ufc  of  the  compafs  in  a  boat,  where  the  motions  are  fuddcn  and  (hort,  or  in  a  fhip^  when  the 
waves  are  very  turbulent ;  and  as  the  artifts  in  this  branch  have  endeavoured  to  perfuade 
the  world  that  certain  pieces  of  mechanifm  were  much  fuperior  in  their  ufe  to  others  dif- 
ferently difpofcd ;— I  thought  it  might  be  of  fome  utility  to  explain  the  fmiple  principles  of 
a  good  fufpenfion. 

When  the  needle  of  the  compafs  difpofes  itfelf  in  the  magnetical  meridian,  there  is  a  cer- 
tain line  within  the  piece  of  fteel,  which  joins  its  two  poles,  and  may  be  confidered  efi^c- 
tively  as  the  needle  itfelf.  But  as  this  line  is  not  vifible,  the  admeafurements  of  pofition 
muft  be  made  with  regard  to  fome^narks  on  the  extremity  of  the  needle  \  which  marks  will 
be  truly  placed  when  the  needle  is  found  to  occupy  the  fame  pofition  with  refpeft  to  a  fixed 
point,  upon  being  reverfed,  fo  that  the  lower  fide  (hall  become  the  upper.  If  the  magneti- 
cal power  had  been  found  on  experience  to  occupy  the  fame  parts  of  the  needle  with  pro- 
portional intenfity,  during  its  decay,  to  that  it  poflefTed  immediately  after  the  touch,  thefe 
marks,  once  made,  would  continue  to  (hew  the  true  magnetical  points  as  long  as  the  needle 
poffefled  any  direftive  force.  But  it  is  well  known  that  foft  fteel  lofcs  its  magnetifm 
fooncr  than  hard  ;  and  confequently  it  may  be  inferred  that,  unlefs  both  fides  of  a  needle 
were  equally  hard,  the  magnetic  power  would  deviate  in  procefs  of  time  towards  the  harder 
fide.  Thefe  confidcrations  lead  to  an  obvious  method  of  diminifliing  fuch  growing  error. 
It  confifts  in  making  the  needle  flat  and  thin,  and  fufpending  it  with  its  edge,  and  not  its 
flat  fide,  uppermoft,  as  is  more  com^monly  done. 

'ftie  needle  is  ufually  fupported  on  a  fteel  point,  which  occupies  the  axis  of  a  cylindrical 
box  called  the  compafs-box.  For  this  purpofe  there  is  formed  in  the  needle  itfelf  a  cap  or 
hollow  conical  centre  of  brafs,  fteel,  or  hard  ftone,  which  is  applied  over  the  point.  The 
tendency  of  the  needle  to  be  difturbed  by  agitation  will  greatly  depend  upon  the  pofition  of 
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this  vertex  of  the  conical  cavity.  It  is  neceflary  that  it  Chould  be  above  the  centre  of 'gra*^ 
vity ;  but  this  ^iftance  mufl:  be  fo  fmall  as  that  the  libration  of  the  needle  when  one  end  is 
deprefled  (hall  be  very  flow,  and  yet  fpeedy  enough  to  recover  the  horizontal  pofition  in  a 
reafonably  ihort  time.  In  fa£3:,  the  whole  of  the  fteadinefs  of  the  compafs  and  its  box  ap- 
pears to  depend  on  this  principle  of  flow  vibration.  For,  if  a  needle  perform  its  vertical 
vibration  in  eight  feconds,  it  will  be  very  little  difturbed  by  an  alternate  a£tion  that  lads  but 
a  fecond  or  two. 

The  greater  number  of  workmen  have  imagined  that  the  agitation  of  the  compafs  is  com- 
municated by  fri£lion  at  the  points  or  edges  of  fufpenfion,  and  have  accordingly  exerted 
their  iHgenuity  to  diminifh  this  friAion,  by  contrivances  fimilar  to  that  of  a  conical  cap 
balanced  on  a  point,  and  itCelf  affording  another  point  to  fupport  the  needle.  But  it  is  very 
readily  proved  by  experiment,  as  well  as  argument,  that  the  greateft  difturbance  of  the 
needle  is  produced  by  the  quantity  of  horizontal  progreiGve  motion,  and  not  by  the  mere 
inclination  or  angular  motion.  A  compafs-needle  fupported  on  a  fimple  point  will  fuffer 
very  little  agitation  from  any  angular  motion  or  moderate  deviation  from  perpendicularity 
in  the  pin ;  but  it  will  inftantly  begin  to  vibrate  if  moved  horizontally.  Thus  the  common 
experiment  of  tilting  the  compafs-box  in  all  politions  while  its  centre  remains  immoveable 
is  fallacious,  and  there  are  very  few  compaffes  indeed  which  will  bear  to  be  Aided  back- 
wards and  forwards  upon  a  table. 

It  appears  therefore  that  thie  fteadinefs  of  a  needle  which  vibrates  flowly,  is  the  confe- 
Guence  not  only  of  the  length  of  time  it  allows  for  alternate  af^ions  to  operate,  and  deftroy 
each  other  -,  but  alfo  of  the  difficulty  with  which  it  yields  to  fuc^  impreffions.  If  the  centres 
of  fufpenfion  and  of  gravity  in  the  needle  were  coincident,  lio  angular  motion  would  be 
produced  by  any  a£lion  of  the  piii,  excepting  by  the  effeAs  of  .frifUon  ;  and  the  angular 
motion  produced  in  other  cafes  will  be  lefs,  die  ihorter  the  diftance  between  thefe  two 
centres,  or  the  lever  by  which  it  is  propagated. 

The  Gmple  fufpenfion  of  the  needle  on  a  point  has  been  applied  to  the  compafs-box»  for 
which  it  is  little  fuited,  not  only  becaufe  of  the  wear  upon  fo  fmall  a  furface,  but  alfo  becaufe 
it  admits  the  box  to  traverfe  horizontally;  an  efTeA  which  is  inconvenient,  and  cannot  be 
remedied  by  any  means  not  calculated  in  fome  refpe£):  to  increafe  the  effe<^s  of  agitation. 
iThe  method  moft  generally  received,  and  in  fa£l:  this  beft  adapted  to  this  inftrUment,  are  the 
gimbals. 

This  well-known  contrivance  confifts  of  an  hoop  fupported  upon  two  pins  diametrically 
opppiite  each  other,  and  ifTuing  from  the  external  furface  of  the  ring  in  fuch  a  direftion  that 
both  lie  in  the  fame  diametrical  line.  When  the  hoop  is  fifpended  oh  thefe  pins,  it  \%  at 
liberty  to  turn  freely  round  the  diameter  of  which  they  conftitute  the  prolongation.  The 
notches  or  holes  of  fupport  are  difpofed  horizontally.  The  compafs-box  itfeif  is  placed'in 
a  fimilar  ring  with  two  projefting  pivots  ;  and  thefe  pivots  are  inferted  in  holes  toade  in  the 
former  ring  at  an  equal  diftance  from  each  of  its  pivots.  If)  therefore,  we  fupppfe  the 
whole  to  be  left  at  liberty,  the*  compafs-box  may  vibrate  upon  the  diametral  line  of  the 
outer  ring,  and  alfo  upon  a  line  formed  by  its  own  pivots,  at  right  angles  to  that  diametral 
line.  The  confequence  of  this  arrangement  is,  that  the  centre  of  gravity  of  the  compafs- 
box  will  difpofe  itfeif  immediately  beneath  the  interfeAion  of  both  lines  on  which  it  is  at 
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liberty  to  move  : — that  is  to  fay^  if  the  weight  of  the  box  or  its  parts  be  properly  difpofedf. 
the  compafs  will  afiuxne  a  pofition  in  which  its  upper  furface  ihall  be  horizontal. 

The  fame  principles  which  were  applied  to  the  fingle  centre  of  the  magnetic  needle  will, 
alfo  apply  to  the  axis  of  the  gimbals.  If  the  centre  of  gravity  of  the  compafs-box  be  fo- 
placed  with  refpe£l  to  either  axis  as  that  its  vibrations  (hall  be  quick,  every  horizontal  aftion 
will  greatly  diflurb  it,  and  it  will  not  fpeedily  fettle.  The  mod  favourable  pofition  of  the 
pivots  or  edges  of  fupport  in  the  gimbals  will  be  when  they  all  lie  in  the  fame  plane,  and 
the  centre  of  gravity  of  the  compafs-box  is  very  little  below  that  pl^e. 

The  pradical  application  of  thefe  inferences  appears  to  be,  that,  wi^out  pretending,  a» 
has  been  done,  that  any  peculiar  fccret  or  great  difeovcry  is  required  to  give  (lability  to  thi* 
ufeful  infl'rument,  nothing  more  is  required  than  good  workman(hip,  and  a  proper  adjuft-* 
ment  of  the  weight  with  regard  to  the  centrcs^  or  axes  of  fufpenfion.  The  needle  ought  to^ 
be  adjufted  either  by  means  of  its  caj),  or  by  proper  filing  away,  or  elfe  by  additional  pieces 
to  the  card,  fo  that  it  (hall  vibrate  very  little,  and  that  ilowly,  when  placed  upon  a.  poiatand 
moved  horizontally,  whether  in  the  direflion  of  the  needle  or  at  right  angles  to- that  direc- 
tion. The  card  is  then  ready  for  the  compafs-box.  The  box  itfelf  mud  be  adjufted  witli 
the  card  in  its  place,  fo  that  it  (hall  exhibit  the  fame*  fteadinefs  when  moved  in  the  line  of 
direAion  of  the  outer  pivots.  And  laftly,  the  fame  difpofition  mud  be  made  with  regard 
to  the  motion  in  the  dire£Uon  of  the  inner  pivots.  It  is  fcarcely  neceiTary  to  add,,  that  the 
means  of  this  adjudment  confid  in  (hifting  the  pivots  themfolves,  or,  which  is  much  better, 
in  altering  the  difpofition  of  weight  about  the  compafs-box.  An  external  ring  of  metal, 
encircling  the  box,  and  raifed  or  lowered  until  the  proper  place  for  (ixing  it  is  found, 
would  perhaps  afford  the  mod  convenient  method. 

Upon  the  whole,  the  reader  will  perceive,  that  the  leading  aim  of  the  prefent  paper  is  to 
enforce  the  t;ruth,  that  the  compafs  is  very  little  didurbed,  at  fea  or.elfewhere,  by  tilting  the 
box  on  one  fide,  but  very  much  by  fudden  horizontal  change&of  place;  and,  confequently,  that 
a  fcientifie  provifien  agaitid  the  latter  is  the  chief  requifite  in  a  well-made  indrument  of  this 
kind.  And  again,  that  nothing  is  more  eafy  than  to  afcertain  whether  a  compafs  poflefies 
ftability;  fihce  nothing  more  is  requifite  than  to  Aide  it  upon  a  table  in  the  feveral  direAions 
above-mentioned;  and  remark  how  far  it  is  didurbed.  The  good  workman(hip  of  the  cap 
and  pin  of  the  needle  may  be  afcertained  by  infpe£tion  with  a  magnifier,  and  alfo.  b]f 
drawing  the  card  with  a  fmall  key  or  other  piece  of  iron,  a  very  little  quantity,  for  example 
a  quarter  of  a  degree,  out  of  its  dation  or  ppiition,  and  remarking,  whether  it  returns  accu<^ 
rately  to  its  original  dation« 

Before  I  quit  this  fubjed,  F  mud  take- notice,  thatras  the  fufpenfion  on  a. point  hs^beea 
applied  to  the  compafis-box,  fo,  on  the  other  band,  the  gimbals  have  been  applied  to  the  nee- 
dle. This  was  done  by.the  late?  Dr.  John  Lorimer,  who  difpofed  a  dipping  needle  on  its 
own  axis  between  the  cheeks  of  a  frame  parallel  to  the- diameter  of  a  circle  of  brafsgra* 
^oated  to  (hew  the  angle  of  dip..  This  circle  or  meridian  had  pivots  at  its  zenith  and  nadir^ 
which  moved  in  holes  diametrically  perforated  in  another  circle.  The  needle  was  by  this 
means  not  only' permitted  to  difpofe  itfelf  in  a  line  forming  the  angle  of  dip  with  the  horir 
zon,  but  was  enabled  to  carry  the  meridional  circle  into  the  line  of  the  magnetic  meridian. 
It  does^not  appeal^  from  the  So£tor's  paper  and  drawing  in  the  65th  volume  of  the  Philofor 
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]!^1^  Tranfac^ions,  that  he  had  added  the  fimple  expedient  of  an. horisontalgimbal-hoop  to 
the  crofs  drcle  which  Tupported  the  meridional  pivots.  Such  a  circle,  divided)  inftead  of  the 
fixed  horizon  in  his  figure,  would  have  rendered  it  a  complete  inftrument  for  general  pur-» 
pofes.  It  is  probable  however,  that  for  ordinary  naval  ufe  the  fimpler  compafies  of  the 
prefent  conftru6iion  would  be  preferable. 
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On  the  Maintaining  Power  in  Clocks  and  Watches. 


N  a  former  paper  on  the  compenfations  for  change  of  temperature  in  pendulums,  a  flight 
view  was  taken  of  the  methods  by  which  a  train  of  wheels  might  be  made  to  move  cither 
uniformly  or  by  equal  intervals  of  progreflion,  fo  as  to  aflFord  a  meafure  for  the  lapfe  of 
time.  The  pendulum  and  the  balance  are  at  prefent  the  regulators  which  for  juft  reafons 
are  preferred  to  every  other  contrivance.  If  we  fuppofe  a  body  to  be  fufpended^at^he  ex- 
tremity of  a  ftring,  its  gravity,  as  is  well  known,  will  caufe  the  ftring  to  point  towards  the 
centre  of  the  earth's  gravitation  at  that  part  of  the  furface^  If  the  body  be  then  drawn  afidc 
out  of  this  perpendicular  pofition,  it  is  equally  clea?  that  it  will  be  removed  further  from 
the  earth^s  centre,  towards  which,  when  again  fet  at  liberty,  it  will  fall  through  the  arc  of 
a  circle,  whieh  is  the  only  line  the  ftring  will  permit  it  to  defcribe.  At  thcinftant  the  per- 
pendicular pofition  is  thus  regained^  the  body,  will  not  be  at  reft,  but  wQl  poflefs  a  porr 
tion  of  velocity  in  a  direflion  at  right  angles  to  that  of  gravity.  It  will  not,  therefore,  be 
in  the  power  of  gravitation  to  ^SkOi  that  velocity  %  and  confequently  the  body  will  proceed 
onwards  on  the  oppofite  fide  of  the  perpendicular,  in  a  fecond  circular  arc,  which  ele«- 
mentary  writers  demonftrate  to  be  in  theory^  perfeAly  fimiiaic,  and  equal  to  the  arc  of  de« 
icent :— that  is  to  fay,  the  adion  of^gravity  witt  more  and  more  oppofe  the  ^fcending  mor 
tion,*  as  its  dire6Hon  becomes  more  remote  from  the  horizontal  line,  and  will  at  length  not 
only  deftroy  the  motion  of  afceat,  but  again  generate  a  falling  motion  precifely  the  fame 
as  the  ficft.  Such  a  pendulum  would,  therefore,  if  no  other  circumftances'prefented  them- 
felves  than  have  yet  been  ftated,  vibrate  for  ever ;  and  its  vibrations  would  be  performed  la 
times  precifely  equal.  But  the  truth  b,  that  fuch  a  body  muft  in  a£lual  experiment  give 
motion  to  the  air  through  which  it  pafles  \  and  muft  alio  overcome  a  certain  degree  of 
rigidity  to  which  the  ftring,  or  any  other  fubftitute  in  nature  which  might-  be  propofed,  is 
fubjeA.  On  thefe  accounts,  the  quantety  of  motion  in  the  pendulous  body  will  be  con«> 
tinually  diminifhed,  and  at  length  become  infenfible.  It  may  alfo  be  eafily  apprehended,  that 
a  pendulum,  though  conftruAed  with  fuch  delicacy  as  to  move  for  many  hours  before  it 
comes  to  apparent  reft,  could  not  be  of  much  pra£lical  utility  without  fonie  ready  means  to 
keep  an  account  of  its  vibrations.  For  both  reafons,  therefore,  a  pendulum  without  any 
other  addition  can  fcarcely  be  ufed  as  a  time-keeper. 

A  train  of  wheels,  urged  by  a  weight  or  fpring.  Is  therefore:  attached  to  the  pendulMm 
for  thefe  two  purpofes,  namely,  to  maintain  its  motion  by  a  fmall  impulfe  given  at  each 
vibration,  pr  at  moft  at.  each  fecond  vibration,  and  to  keep  account  of  the  number  of  times. 
The  principle  of  the  balance  is,  that  its  (imilar  vibrations  are  performed  in  equal  times^ 
Kke  thofe  of  the  pendulum.  The  methods  of  adapting  the  train  of  wheels  to  one  of  thefe 
regulating  organs  will  not  therefore  e0eotiaUy  differ  from  thofe  of  coone£ling  it  with  t\\% 

other. 


other;  In  mbft'  df  Atk  contrivances)  the  ^ndulam  or  balance  U,  during  fonie  part  o£  its 
motion,  brought  in  the  way  of  one  of  the  teeth  of  the  laft  wheel  of  the  ti^^in,  at  the  time 
when  the  whole  fyftcm  of  wheels  ate  at  liberty  to  move.  ^The  tpoth>  therefore^  ftrikc$ 
^therthe  pendulum,  or  a.  part  of  the  movement  connected  with  it,  and  then  flips  off,  or 
efcapes  from  that  obftacle.  The  whole  fet  of  parts  in  a  time-piece  by  which  this  alter- 
nate action  is  effcdlcdj  is.  for  that  reafon  called  the  efcapement. 

[To  be  continued.l 
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Answer  to  the  Piulosophical  Question,  p.  284, 

To  Mr.  Nicholson. 


Fi 


SIR, 


ROM  the  defcription  of  the  divergent  rays  feen  In  agitated  water  furrounding  the 
fiiadow  of  the  obferver's  head,  which  forms  part  -of  the  queftion  in  your  fixth  number,  I  did 
not  fail  to  look  for  the  appearance  on  the  firft  opportunity  of  funfliine  which  offered.  I 
obferved  the  fa6l  as  you  defcribe  it,  and  found  that  the  radiations  appear  without -Jbeing 
modified  in  any  refpeA  by  the  diftance  of  the  obferver  from  the  furface  of  the  water.  This 
circumftance  indicated  a  probability,  that  the  caufe  which  I  could  not  inveftigate.by  dire& 
reafoning,  might  be  developed  by  a  nearer  infpediion  than  could  with  convenience  be  made 
on  the  bank  of  a  river.  With  this  view  I  placed  a  veffel  of  water,  ;which  was  three  feet  deep, 
in  an  out^houfC)  in  fuch  a  manner  thpt.the  fun  (hone  upon  its  furface.  Whqn  I  pl^iced 
myfelf  fo  that  the  ihadow  of  my  head  fell  upontthe  water,  I  perceived  no  radiations  what- 
ever ;  but  upon  agitating  the  water  with.my  band,  the  water  appeared  full  of  the  lines  (^Ulcd 
fun-beams,  parallel  to  each  other  no  doubt,  but  which,  on  account  of  the  fmaller  optical 
didance  between  their  remoter  than  between  their  nearer  extremities,  had  the  appearance 
of  convergence  towards  the  fliadow.  As  it  is  perfe£lly  intelligible  froip  the  welUknown 
truth  in  perfpefkive,  that  all  lines  parallel  to  the  line  of  fight  will  vaniih  in  the  point. of 
fight ;  it  remains  only- to  be  (hewn  how  thefe  di(lin£^  parallel  beams  are  produced. 

When  the  furface  of  the  water  is  at  reft,  and  forms  one  plane,  the  fun's  light  forms  one 
uniform  mafs  in  which  no  lines  are  diilinguiihable ;  but  when  the  agitation  takes  place,  a 
number  of  convexities  and  concavities  are  produced.  Thefe  fcatter  the  rays  in  all  di- 
regions,  except  at  that  fmall  portion  where  the  contrary  curvatures  join.  The  fame 
phylicai  eStfk  is  produced  as  from  fo  many  fmall  planes  *,  that  is  to  fay,  the  rays  pa(8 
ftraight  through  -each  furface,  and  afford  the  parallel  di(lin£);  beams  of  light.  And  though 
thefe  fmall  planes  are  continually  forming  and  difappearing,  yet  there  are  always  a  certain 
number  in  exiftence,  and  the  effedl  of  their  tranfient  individual  variations  is  nothing  niore 
than  to  produce  an  undulation  in  the  general  fyftem  of  radiations. 

And  now.  Sir,  after  having  refoved  your  queftion,  as  I  think,  fatisfaftorily  5 1  fhall  take 
the  liberty  to  propofe  another  in  the  fame  department  of  fcience. 

When  the  fun  fhines,  if  two  bodies,  for  example  hands  or  fingers,  be  gradually  moved, 
fo  that  their  (hadows  may  meet  5  it  is  obferved  that  the  (hadow  of  the  body  fartheft  from 

the 
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Hit  fun  Will  fwell  out,  and  join  the  other  (hadow  when  the  difdance  becomes  diminiflied  to 
a  certain  quantity,  while  the  (hadow  of  the  body  neareft  the  fun  undergoes  no  alteration. 
What  is  the  natute  of  the  infleftion  of  light  which  OCcafions  this  appearance  ? 

I  am>  Sir,  yours,  &c. 

A.  T. 

*^*  The  fafl:  mentioned  in  thelaft  paragraph  of  this  letter  has  been  ftated  and  explained 
clfewhere,  though  I  cannot  now  rccolleft  where  I  h»vc  feen  it.  It  does  not  depend  upon 
infle£l:ion,  but  upon  the  different  widths  of  the  penumbrx.  When  the  penumbrae  firft  inter- 
fere, a  faint  lenticular  (hade  is  produced,  which  is  nearer  the  fhadow  of  t\\t  mod  remote 
body  than  that  of  the  other ;  and  as  foon  as  the  remoter  body  itfelf  comes  in  contaft  with 
the  bounding  ray  of  the  greater  penumbra,  it  begins  totally  to  intercept  the  fun's  light  on  the 
fide  next  its  own  (hadow.  The  time  employed  in  pafling  from  one  extreme  ray  of  the 
penumbra  to  the  other  will  be  Jefs  the  nearer  the  bodies  are  to  each  other,  becaufe  the  diftance 
of  thofe  rays  is  lefs  the  nearer  the  vertex.  The  (hadow  of  the  remoter  body  will  confequently 
run  over  the  penumbra  with  greater  fpeed  than  that  of  its  forrtier  progrefs;  and  if  any  part  be 
convex,  it  will  advance  beyond  the  others.         •  - 


To  Mr.  Nicholson. 
SIR, 
HAVING  obferved  in  tlie  4th  Number  of  your  Joutnal  *,  and  likewife  in  the  Annaltfs. 
de  Chimie,  an  extraSt  of  Mr.  Prevoft's  Memoir  on  the  meahs  of  rendering  Ti(ible  the 
emanations  of  odorant  bodies ;  I  take  the  liberty  of  commutlicatikig  ^n  bbferration  which 
occurred  to  me  a  few  years  ago,  wlule  inaking  experiments  with  different  fubftances  ex* 
pofed  to  the  oxigenated  muriatic  acid-gas.     That  whrch  afforded  the  curious  phenomenon.; 
to  which  I  allude,  was  fome  highly-feftificd  animal  oil.    This  matter,  immediately  oa 
being  expofed  to  the  gas  (which  was  in  a  very  dry  (late),  was  feed  to  emit  a  copious deam^. 
the  particles  of  which  rifing  to  the  height  of  about  four  inches  above  the  fmall  phial  in 
which  the  oil  was  contained,  were  then  obferved  gradually  to  defcend,  forming  a  very  cu- 
rious and  pleafing  appearance. — Although  ftruck  at  the  time  with  the  fingularity  of  this 
phenomenon,  and  endeavouring  to  account  for  the  formation  of  the  Vapour  by  a  fuppofed 
union  of  the  hydrogen  of  the  emanating  matter  with  the  fuper-abundant  bxigen  of  the  gas ; 
yet  I  omitted  at  the  time,  and  have  fince  negleSed,  to  endeavour  to  verify  my  conje6hire8 
by  further  trials. — ^The  circumftaitce,  however,  revived  "in  my  rec6¥le£tion  on  reading 
your  Journal ;  and  conceiving  it  to  be  an  experiment  that  affords  a  iH^aycr  approach  to  the 
Molxitc  perceptibility  of  an  odorant  vapour,  than  thofe  Rated  in  the- Memoir  of  Mr.  Prcvoft, 
I  impart  it  for  your  further  ibveftigation,  if  thou^t  worthy  your'altWifion,  tind  am 

Your  obliged  reader, 
Nov.  24,  1 797-  W.  HOWARD. 

N.  B.     The  oil  was  the  only  odorant  fubftance  tried  :  perhaps  many  others  might  afford 

a  fimilar  or  varied  appearance.  ^ 

*:f.*  The  philofop)iical  confideration  of  odorant  bodies  is  fomewhat  obfcured  by  the  old 
method  of  generalifing,  or  referring  tlit  projpeffies  6f' bodies'  id  (oai€  diftinft  principle  or 

thing 
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^hingTuppofed  capable  of  being  feparated  from  the  body  itfelf.  Thus  the  odors  of  bodies 
have  been  fuppofed  to  depend  on  a  fubftancc  imagined  in  a  loofc  way  to  be  common  to 
them  all  and  fepar able  from  them.  Hence  the  terms,  principle  of  fmell,  fpiritus  rcdlor ; 
and  even  in  the  modeim  nomenclature  we  find  arema.  There  docs  not  in  effec);  feem  to 
be  any  more  reafon  to  infer  the  exiftence  of  a  common  principle  of  fmell  than  of  tafte. 
.The  fmell  of  ammoniac  is  the  a£lion  of  that  gas  upon  the  organ  of  fenfe ;  and  this  odorant 
invifible  matter  is  exhibited  to  the  fight  when  combined  with  an  acid  gas.  But  in  the 
fame  manner  as  ammoniac  emanates  from  water  and  leaves  moil  part  of  that  fluid  be- 
■  hind,  fo  will  the  volatile  parts  of  bodies  be  mod  eminently  produ6kive  of  this  a£lion  ;  and 
very  fcwj  if  any,  natural  bodies  will  be  found  which  rife  totally.  I'he  mod  ftriking  circum- 
ilance  in  the  effeft  is,  that  an  aft  of  fuch  power  ihould  be  attended  with  a  lofs  by  exhala- 
tion which  is  fcarCely  to  be  appreciated  by  weight,  or  in  any  other  method  during'  a 
^ibort  interval  of  time-  But  we  know  fo  little  of  nervous  aftion,  and  of  other  phenomena 
of  eleftricity,  of  galvanifm,  or  even  of  heat,  which  ftrongly  afFeft  the  fenfes  but  elude 
.admeafurement  by  gravitation,  that  the  difficulty  of  weighing  the  effluvia  of  odorant  bodies 
becomes  lefs  aftonifliing.  

<^ESTI0N  XL     Answered  by  J.  i^— : — :— :— ^. 

LET  H^be  the  altitudes  of  the  two  fignals  or  other  objefts,  A  their  dircft  angular 
«diilance,  and  0  their  difference  of  azimuth,  as  ilated  in  the  quellion.     It  is  proved  by  the 

writers  on  fpherics,  that,  in  any  Spherical  triangle,  Cof.  any  angle  :  radius  : :  radius  X  cof* 
fOppofite  fide  —  reftangle  cofines  including  fides  :  reft  angle  fines  including  fides  j  which 

analogy,  applied  to  the  triangle  formed  by  the  zenith-diftances  and  direft  angular  dif- 
^ance  of  the  elevated  objefts,  gives,  Cof.  a :  radius  : :  radius  X  cof.  A  *  fine  H  X  Hne  h 
.1  cof.  H  X  cof.  h;  fo  that  cof.  A  .X  radius  *  =  eof.  a  X  cof  H  X.cof.  A  +  fine  H  X  fine  h  : 

orj.putting  radius  =  unity,  Cof.  a  =  cof.  a  X  cof.  H  X  cof.  h  +  fine  H  X  fine  h.     Q^E.  D, 


Question"  XII.    Atifwered  by  Mr.  William  Cjstilju,  of  XJffifigUn^' Salop. 

< 

LET  Z  P  0  reprefent  the  zenith,  pole,  and  fun  refpcftively  5  x  the  cof.  of  /I  PZ  0  I 
then,  per  data  and  a  well-known  theorem  in  .fpherics,  SZ  O  x  SPZ  X  cof.  ^  0  ZP  + 
cof.  Z  O  X  cof.  PZ  =  cof.  P  0  (rad  being  i)  \  that  is  (putting  d  for  fine  of  the  fun's  dec. 

150  9^  or  .26135)  X  X  X  XX  y^-  I  -^  XX  =z  d:  this  equation  ordered  is  *'  —  a*  =  d  —  i 
=  —  -73865,  whence  x  =  — .66588  =  cof.  131°  45'  .•.  48®  15'  will  be  the  azim.  when 
equal  to  Jthe  lat.  and  alt.  on  the  given  day.  The  ^  ZP  ©  alfo  =  2^  3'54".  Per  Naut.  Aim. 
the  fun's  declination  for  noon,  on  the  given  day  (at  Greenwich),  is  15°  18'  28'^,  and  its 

change  for  24»'"  =  18' 7''.-.  As  iS^t"  124'  ::  15^  18' 28"— 15^9' :  la**  32'  27"  the 
time  from  noon  at  Greenwich  when  the  obfervation  was  made.    The  latitude  of  the 

place  of  obfervation, '  then,  is  48**  15'  N.  and  its  longitude*  (12*^  32'  27''  — a"*  3'  54 '0 
10'"  28'  33''  E.  of  Greenwich. 

tS*  The  fame  was  ahfwered  by  J.  /*— : — :— :— i^ 
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ARTICLE    I. 

Experiments  made  nvith  a  View  to  a/certain   the  Cat/fe  of  Buildings^  which  have  Metallic  Con^ 
duBors  belongitig  to  them^  being  Jlruck  by  Lightning,     By  Lieutenant^Colonel  HalDANE, 


I 


T  is  not  necefTaryi  in  the  prefent  communication,  to  enquire  what  may  be  the  nature  of 
electricity  \  whether  it  exift  in  the  form  of  one  fluid  only,  and  all  its  phenomena  depend 
upon  the  prefence  of  a  greater  or  lefs  quantity  than  naturally  belongs  to  all  bodies ;  whether 
its  efre£ls  may  depend  upon  the  influence  of  oppofite  polarities^  and  the  operations  of  at- 
tra£live  and  repellent  powers  in  a  fingle  fluid ;  or,  laftly,  whether  it  exiits  in  the  form  of 
two  different,  though  always  co-exifting,  fluids,  produced  by  the  union  or  the  feparation  of 
certain  gafes,  which  belong  to  ele£lric  and  non-ele£lric  fubftances,  according  to  their  various 
cle£live  attra£lions,  and  which  may  be  brought  into  aftion  by  the  attrition  of  thofe  fub- 
ftances, either  in  the  form  of  heat  or  of  ele(£iricity,  according  to  their  different  combina- 
tions. 

Thefe,  it  mull  be  admitted,  are  points  of  curiofity  and  importance  j  but  at  prefent  it  is 
only  neceflary  to  admit,  what  was  clearly  afcertained  by  Dr.  Franklin,  and  fince  confirmed 
by  the  obfervaticns  of  many  other  ingenious  and.  able  philofophers,  that  there  is  a  famenefs 
between  the  matter  of  lightning  and  the  ele£lrical  fluid.  And  ele^fical  experiments,  al- 
though the  refults  of  them  cannot  be  compared  with  the  effefts  produced  in  the  vaft  and  ex- 
tenfive  operations  of  nature  ;  yet,  by  exhibiting  to  our  view  Cmilar  appearances,  they  may 
fumilh  us  with  notions  of,  at  leaft,  the  proximate,  though  we  may  for  ever  remain  ignorant 
of  the  more  remote,  caufec  which  produce  thofe  moft  wonderful,  and  fometimes  moft 
dreadful,  effe£ls. 

£le£bicity,  attached  to  the  fame  kind  of  fubftancesi  fliews  itfeUF  in  two  diflierent  forms^ 
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which  hsre  been  diftbguiflied  hj  the  terras  pofitive  and  negative  eleAricitf •  Thefe  alge« 
biaical  terms  are  well  fuited  to  defcribe  either  two  different  fluids,  or  two  different  ftates  of 
the  fame  fluid;  for  it  is  well  known  by  experiment^  that  eleOjricity,  under  thefe  different 
forms,  has  the  property  (like  pofitive  and  negative  quantities  in  algebraical  computations)  of 
deftroying  the  efieAs  of  each  other,  when  united  in  equal  quantities. 

The  enquiries  hitherto  made  upon  the  fubje&  of  this  paper,  have  in  general  been  con- 
fined to  what  relates  to  the  operation  of  one  fluid  only.; '  but  in  thefe  experiments  the  joint 
operations  of  the  pofitive  and  negative  ele£lricities  are  confidered,  to  which  probably  many 
appearances,  that  have  hitherto  occafioned  much  controverfy  amongft  eleQricians.  vefpefiing 
the  forms  of  conductors,  may  be  afcribed. 

It  is  a  known  fzfk  in  ele&ricity,  that  if  thelurftces  of  two  itietallic  bodies  be  placed  op- 
poGte  and  near  to  each  other,  the  one  infulated,  and  the  other  connedled  with  the  earth ;  if 
a  thin  plate  of  any  eledric  fubftance  beintroduced  between  thefe  furfaces,  and  extending 
beyond  tlieir  extremities,  if  eleAricity  be  then  communicated  to  the  ele£bric  by  meatus  of 
the  infulated  metallic  fubftance,  the  other  metallic  fubftance  conne£ted  with  the  earth  hat 
the  power  of  putting  the  fide  of  the  eleSric  with  which  it  is  in  contact  into  the  oppofite 
ftate  of  eleflricity ;  and  the  pofitive  and  negative  ele&ricities  on  the  oppofite  furfaces  of  the 
dearie,  by  their  attra^ive  powers,  -■  retwi  each  other  in  their  rttpcBiwe  fituations.  Andf 
in  folid  elc£lric8,  even  after  the  removal  of  the  metallic  fubftances,  if  the  fame,  or  other 
condu£ling  fubftances,  having  a  conduSling  conrniunication  between  them,  be  applied  again 
to  the  oppofite  fides  of  the  charged  tltfknc,  all  ele£lricity  will  di&ppqur,  filently,  or  witb 
sn  explofion.    Thefe>are.the  phenomena  of  the  ele&ric  jar. 

It  is  alfo  well  known,  that  if  a  body  of  atmofpheric  air,  included  between  metallic  fur* 
faces,  be  the  dedtxic  ensployed.  in.  the  e^qpecimest  above  delcribed,  fimilar  etkSts  will  be 
-produced.  *  - 

Hence  it  may  be  inferred,:  that  the  eflScds  of  lightning,  may  arife  from  the  difcharge  of 
large  bodies  of  eledrified-air ;  the  upper  furface  of  which  will  be  in  one  ftate  of  elefbicity^ 
and  the  furface  adjoining  the  earth  and  terreftrial  bodies  will  be  in  the  oppofite  ftate ;  and 
when  thefe  bodies  of  charged  air  pafs  over  lofty  buildings  capable  of  forming  a  conducing 
communication  between  their  oppofite  furfaces,  the  explofion  of  lightning  takes  place. 

The  lower  furface  of  a  body  of  charged  air  may  extend  over  the  whole,  over  a  part,  er 
over  no  part,  of  a  building,  at  the  time  it  is  ftruck  by  lightning-;  the  building  forming 
.  only  a  part  of  the  condu£ling  communication. 

Buildings  in  general  have  many  metallic  fubftances  belonging  to  them :  it  is  to  thefe  fub- 
ftances, and  to  their  imperfe£k  connexion  with  the  earth,  that  moft  of  the  mifchief  that 
arifcs  from  the  efieAs  of  lightning  is  generally  afcribed.  To  prevent  this  mifchief,  metallic 
condu&ors  have  been  attached  to  buildings. 

The  advantage  expef^ed  from  thefe  conductors  is  founded  upon  a  fuppofition,  that  the 
matter  of  lightning  will  always  prefer,  in  Its  paflage  to  the  earth,  a  continued  conducting 
fubftance  to  one  that  is  broken  or  interrupted  by  non*condu£ling  fubftances ;  and  therefore 
>  it  is  fuppofed  that  a  conduAor,  conftruded  of  a  perfectly  continued  metallic  fubftance,  and 
extending  from  above  the  upper  furface  of  a  building  into  the  earth,  below  its  foundation, 
will  receive  and  convey  the  matter  of  lightning  into  the  earth,  and  prevent  the  mifchief 
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tifat' might  happen  by  its  ftriking  any  metallic  fubftance  which  is  not  continued  to  the 
earth. 

But  builtlings  furnilhed  >yith  fach  condu£lors  have  been  ftruck  by  lightning  :  it  is  obvious, 
therefore,  that  the  ligiirning  muft  cither  have  pafled  to  the  damaged  part  without  approach- 
ing the  coiuluftor,  or  it  muft  have  ftruck  from  the  conduftor  to  the  damaged  part :  for,  al- 
though all  metallic  fubftances  belonging  to  a  building  may  be  placed  at  a  diftance  from  the 
Gondu£lor,  yet  it  cannot  be  fuppofed  that  any  diftance  within  the  limits  of  a  building  can 
oxceed  t\it  Jlriking  diftance  of  lightning. 

The  apparatus  with  which  this  experiment  was  performed,  confifts  of  an  ele£lrical  ma- 
chine having  a  glafs  cylinder  of  about  1 8  inches  diameter,  conftru£t«d  by  Mr.  Nairne,  in 
the  form  of  his  patent  electrical  machines. 

Two  hollow  cylinders  *,  made  of  thin  wood  covered  within  and  without  with  tinfoil, 
are  placed,  in  a  vertical  pofition,  upon  two  infulated  circular  boards ;  the  glafs  pillars  which 
fupport  the  infulated  boards  are  about  a  foot  in  height,  and  are  fixed  into  thick  circular 
boards,  covered  alfo  with  tinfoil,  and  refting  upon  the  floor  of  the  room. 

The  interior  diameter  of  each  of  thefe  cylinders  is  1 8  inches ;  the  height  from  the  infu-- 
lated  board  upon  which  it  ftands,  eight  feet  fix  inches,  including  an  hemifpherical  top  \  and 
the  diftance  between  them  is  about  five  feet. 

From  the  centre  of  each  of  the  boards,  that  reft  upon  the  floor,  rifes  a  thick  glafs  pillar, 
which  paflfes  through  a  hole  of  a  foot  diameter  in  the  centre  of  the  infulated  board  into  the* 
Kollow  of  the  cylinder.    This  pillar  of  glafs  extends  about  fix  inches  above  the  infulated 
board,  and  fupports,  ia  a  vertical  pofition,  another  cylinder  made  of  wood,  and  covered  with 
tinfoil. 

This  interior  cylinder  is  one  foot  iq  diameter,  and  its  height  is  fix  feet  fix  inches,  includ-- 
ing  an  hemifpherical  top. ^%  It  is  placed  exa£Uy  parallel  to  the  exterior  cylinder,  the  interval 
in  every  part  being  three  inches.    To  this  interior  cylinder  is  fixed  a  metallic  chain,  by  which  ^ 
it  can  be  conne^ed  with  the  exterior  cylinder,  fo  as  to  form  only  one  infulated  body.covered 
!  with  tinfoil  \  or  can  be  conne£ted  with  the  earth,  whilft  the  exterior  cylinder  remains  infu- 
lated. 

The  apparatus  has  alfo  a  moveable  infulated  body,  made  of  cork  covered  witli  tinfoil,  to 
reprefent  a  cloud  moving  in  the  air. 

And  alfo  two  metallic  rods  placed  upon  infulated  ftands,  that  they  may  be  connected  with,  . 
or  detached  from,  the  earth  at  pleafure.    Thefe. rods  arc  ufed  to  reprefent  the  conduflors, 
or  any  metallic  fubftances  that  belong  to  buildings ;  their  forms  arc  varied  by  fixing  balls  or 
points  upon  their  upper  extremities ;  and  the  ftand  in  which  they  are  placed  being  hollow, 
they  can  be  placed  at  any  height  by  means  of  a  fcrcw. 

To  fliew  the  eflFefts  of  the  paflTage  of  the  eleftrical  fluid,  two  infulated  metallic  balls  arc 
placed  witliin  the  Jlrikirtg  diftance  of  each  other ;  and,  in  the  interval  between  them,  i»  put 
fome  inflammable  fubftance,  fuch  is  dried  powdered  rofin  mixed  with  cotton. 

*  It  may  be  of  advanuge  to  the  reader  to  confult  the  liurai  references  at  the  end  of  this  memoir  before  he 
proceeds.    N. 
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which  have  been  diftinguilhed  by  the  terms  pojitive  and  negative  ele£lricity.  Thefe  alge- 
braical terms  arc  well  fuited  to  defcribe  either  two  difFcrent  fluids,  or  two  different  dates  of 
the  fame  fluid ;  for  it  is  well  known  by  experiment,  that  eleftricity,  under  thefe  different 
forms,  has  the  property  (like  pofitive  and  negative  quantities  in  algebraical  computations)  of 
deilroying  the  effe£ls  of  each  other,  when  united  in  equal  quantities. 

The  enquiries  hitherto  made  upon  the  fubje£l  of  this  paper,  have  in  general  been  con- 
fined to  what  relates  to  the  operation  of  one  fluid  only ; ;  but  in  thefe  experiments  the  joint 
operations  of  the  pofitive  and  negative  electricities  are  confidered,  to  which  probably  many 
appearances,  that  have  hitherto  occafioned  much  controverfy  amongd  ele£lricians  refpe£ting 
the  forms  of  conductors,  may  be  afcribed. 

It  is  a  known  fa£t  in  eleftricity,  that  if  the  furfaces  of  two  metallic  bodies  be  placed  op- 
pofite  and  near  to  each  other,  the  one  infulated,  and  the  other  conueAed  with  the  earth ;  if 
a  thin  plate  of  any  elefiric  fubftance  be  introduced  between  thefe  furfaces,  and  extending 
beyond  their  extremities,  if  eleClricity  be  then  communicated  to  the  ele£lric  by  meaqs  of 
the  iiifulated  metallic  fubftance,  the  other  metallic  fubftance  conneCled  with  the  earth  has 
the  power  of  putting  the  fide  of  the  ele&ric  with  which  it  is  in  contadt  into  the  oppofite 
ftate  of  elcAricity ;  and  the  pofitive  and  negative  eleClricities  on  the  oppofite  furfaces  of  the 
ele£lric,  by  their  attractive  powers,  retain  each  other  in  their  refpeCHve  fituations.  And^ 
in  folid  eleCirics,  even  after  the  removal  of  the  metallic  fubftances,  if  the  fame,  or  other 
conducting  fubftances,  having  a  conducing  conununication  between  them,  be  applied  ag^ 
to  the  oppofite  fides  of  the  charged  eleCtric,  all  eledricity  will  difappear,  filcntly,  or  with 
an  explofion.    Thefe  are  the  phenomena  of  the  eleCiric  jar. 

It  is  alfo  well  known,  that  if  a  body  of  atmofpheric  air,  included  between  metallic  fur- 
faces, be  the  elediic  employed .  in  the  experiment  above:  de(cril)ed,  fimilar  effeCts  will  be 
produced. 

Hence  it  maybe  inferred,  that  the  efleCis  of  lightning  may  arife  from  the  difcharge  of 
large  boilies  of  eleCt rifled  air  j  the  upper  furface  of  which  will  be  in  one  ftate  of  eleCtricity^ 
and  the  furface  adjoining  the  earth  and  terreftrial  bodies  will  be  in  the  oppofite  ftate ;  and 
when  thefe  bodies  of  charged  air  pafs  over  lofty  buildings  capable  of  forming  a  conducting 
communication  between  their  oppofite  furfaces,  the  explofion  of  lightning  takes  place. 

The  lower  furface  of  a  body  of  charged  air  may  extend  over  the  whole,  over  a  party  er 
over  no  part,  of  a  building,  at  the  time  it  is  ftruck  by  lightning;  the  building  forming 
only  a  part  of  the  conducting  communication. 

Buildings  in  general  have  many  metallic  fubftances  belonging  to  them :  it  is  to  thefe  fub- 
ftances, and  to  their  impcrfed  connedion  with  the  earth,  that  moft  of  the  mifchief  that 
arifcs  from  the  effeCts  of  lightning  is  generally  afcribcd.  To  prevent  this  mifchief,  metallic 
condudors  have  been  attached  to  buildings. 

The  advantage  expeCted  from  thefe  conduCiors  is  founded  upon  a  fuppofition,  that  the 
matter  of  lightning  will  always  prefer,  in  its  paffage  to  the  earth,  a  continued  conducting 
fubftance  to  one  that  is  broken  or  interrupted  by  non- conducting  fubftances ;  and  therefore 
it  is  fuppofed  that  a  conductor,  conftruCted  of  a  perfeCtly  continued  metallic  fubftance,  and 
extending  from  above  the  upper  furface  of  a  building  into  the  earth,  below  its  foundation, 
will  receive  and  convey  the  matter  of  lightning  into  the  earth,  and  prevent  the  mifchief 
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tiiat' might  happen  by  its  ftriking  any  metallic  fubftance  which  is  not  continued  to  the 
earth. 

But  buildings  fumiflied  with  fuch  concjuflors  have.been  ftruck  by  lightning  :  it  is  obvious, 
therefore,  that  the  liglitning  m^ft  cither  have  pafled  to  the  damaged  part  without  approach- 
ing the  coiiduftor,  or  it  mud  have  ftruck  from  the  conduftor  to  the  damaged  part :  for,  al- 
though all  metallic  fubftances  belonging  to  a  building  may  be  placed  at  a  diftance  from  the 
6ondu£lor,  yet  it  cannot  be  fuppofed  that  any  diftance  within  the  limits  of  a  building  can 
oxceed  the  Jlri^ing  dyiance  of  lightning. 

The  apparatus  with  which  this  experiment  was  performed,  conGfts  of  an  ele£lrical  ma- 
chine having  a  glafs  cylinder  of  about  18  inches  diameter,  conftru£t«d  by  Mr.  Nairnc,  in 
the  form  of ,  his  patent  eleftrical  machines. 

Two  hollow  cylinders  *,  made  of  thin  wood  covered  witliin  and  without  with  tinfoil, 
are  placed,  in  a  vertical  pofition,  upon  two  infulated  circular  boards ;  the  glafs  pillars  which 
fupport  the  infulated  boards  are  about  a  foot  in  height,  and  are  fixed  into  thick  circular 
boards,  covered  alfo  with  tinfoil,  and  refting  upon  the  floor  of  the  room. 

The  interior  diameter  of  each  of  thcfe  cylinders  is  1 8  inches ;  the  height  from  the  infu<» 
lated  board  upon  which  it  ftands,  eight  feet  Gx  inches,  including  an  hemifpherical  top ;  and 
the  diftance  between  them  is  about  five  feet. 

From  the  centre  of  each  of  the  boards,  that  reft  upon  the  floor,  rifes  a  thick  glafs  pillar, 
which  pafles  through  a  hole  of  a  foot  diameter  in  the  centre  of  the  infulated  board  into  the- 
RoUow  of  the  cylinder.    This  pillar  of  glafs  extends  about  fix  inches  above  the  infulated 
board,  and  fupports,  ia  a. vertical  pofition,  another  cylinder  made  of  wood,  and  covered  with 
tinfoil. 

This  interior  cylinder  is  one  foqt  in  diameter,  and  its  height  is  fix  feet  fix  inches,  includ-- 
xng  an  hemifpherical  top.  ^%  It  is  placed  exa£Uy  parallel  to  the  exterior  cylinder,  the  interval 
in  every  part  being  three  inches.    To  this  interior  cylinder  is  fixed  a  metallic  chain,  by  which^ 
it  can  be  conne^ed  with  the  exterior  cylinder,  fo  as  to  form  only  one  infulated  body.covered 
with  tinfoil  \  or  can  be  conne£tcd  with  the  earth,  whilft  the  exterior  cylinder  remains.infu- 
lated. 

The  apparatus  has  alfo  a  moveable  infulated  body,  made  of  cork  covered  with  tinfoil,  to  - 
xcprefent  a  cloud  moving  in  tlie  air. 

And  alfo  two  metallic  rods  placed  upon  infulated  ftands,  that  they  may  be  connefled  with,  . 
or  detached  from,  the  earth  at  pleafure.    Thefe.rods  are  ufed  to  reprefent  the  condu£lors, 
or  any  metallic  fubftances  that  belong  to  buildings;  their  forms  arc  varied  by  fixing  balls  or 
points  upon  their  upper  extremides  \  and  the  ftand  m  which  they  are  placed  being  hoUowj 
they  can  be  placed  at  any  height  by  means  of  a  fcrew. 

To  fliew  the  efiedls  of  the  paflage  of  the  ele£lrical  fluid,  two  infulated  metallic  balls  are 
placed  witliin  the  Jriking  diftance  of  each  other ;  and,  in  the  interval  between  them*  is  put 
fome  inflammable  fubftance,  fuch  is  dried  powdered  rofin  mixed  with  cotton. 

*  It  may  be  of  advanuge  to  the  reader  to  confultthe  liurai  references  at  the  end  of  this  memoir  before  he 
proceeds.    N. 
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EXPERIMENT. 

THAT  this  experiment  might  refemble,  as  much  as  an  ele£lrical  apparatus  is  capable  of 
exhibiting,  the  operations  of  nature,  it  was  performed  by  charging  and  difcharging  plates 
of  ain 

Attangement  of  the  Apparatus. 

THE  metallic  chains  affixed  to  the  interior  tinfoiled  cylinders  are  conne£led  with  the  tin- 
foiled  boards  which  reft  upon  the  floor  of  the  room.  A  metallic  communication  is  then 
made  between  thefe  boards,  and  another  metallic  communication  between  the  exterior  cy- 
linders, which  remain  infulated. 

The  exterior  cylinders,  thus  united,  are  conne£led  with  one  of  the  condu£l'ors  of  the  elec- 
trical machine  (in  this  experiment  it  is  with  the  pofitive);  the  other  condudor  (or  rubber) 
being  connected  with  the  earth. 

The  ele&rical  machine  being  put  in  a£lion,  the  exterior  tinfoiled  cylinders  become  ele£hi- 
fied ;  and,  the  interior  cylinders  being  connected  with  the  earth,  the  body  of  air  between 
them  becomes  charged  \  and,  if  a  circuit  be  made  between  the  exterior  and  interior  cylin« 
ders,  an  explofion  takes  place,  and  a  ftrong  ele£lrical  (hock  may  be  felt. 

The  exterior  cylinders  reprefent  the  upper  furface,  and  the  interior  cylinders  reprefent  the 
lower  furface  of  a  body  of  charged  air  in  the  atmofphere. 

The  moveable  body,  reprefenting  a  cloud  moving  in  the  air,  is  connefled  with  the  exte- 
rior cylinders,  by  which  means  it  becomes  a  part  of  the  upper  electrified  furface  of  the  body 
of  charged  air,  and  can  be  made  to  pafs  over  the  building  at  pleafure. 

One  of  the  metallic  rods,  placed  in  perfe£t  communication  with  the  earth  (but  feparatc 
from  the  communication  of  the  interior  cylinders  with  the  earth),  reprefents  a  metallic  con- 
dudor  attached  to  a  building. 

The  infulated  metallic  balla,  with  the  roGn  placed  in  the  interval  between  them,  are  fup- 
pofed  to  reprefent  any  metallic  fubftances  belonging  to  the  building. 

A  glafs  tube  filled  with  waty,  and  about  18  inches  in  length,  is  placed  between  the  con- 
du6lor  and  one  of  thefe  balls,  to  reprefent  a  conducing  communication,  which  muft  fre- 
quently occur  during  a  thunder-ftorm,  between  the  condu£lor  and  other  metallic  fubftances 
belonging  to  the  building. 

Since  a  conduSor  may  be  raifed  to  any  height  at  pleafure,  it  is,  in  this  experiment,  fup- 
pofed  to  be  raifed  rather  beyond  the  diftance  at  which  any  pointed  metallic  fubftances  be- 
longing to  the  building  might,  by  their  influence  on  the  operations  of  the  eleflrical  fluid, 
endanger  the  building. 

This  experiment  may  be  divided  into  three  cafes,  ift,  The  eleftricity  oppofite  to  that 
of  the  cloud  may  extend  over  the  conduftor,  and  all  other  metallic  fubftances  belonging  to 
Ae  building,  idly.  It  may  extend  over  fomc  metallic  fubftances,  but  not  over  the  conduc- 
Jton    3dly,  It  may  not  extend  over  the  condu£tor,  or  over  any  part  of  the  building. 
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CASE    I. 

THE  eleftricity  oppofitc  to  that  of  the  cloud,  that  is,  the  lower  furface  of  the  body  o£ 
charged  air,  is  fuppofed  to  extend  over  ^  condu£lor|  and  over  all  metallic  fubftances  be- 
longing to  the  building. 

The  conduftor  is  therefore  conne£led  with  the  communication  between  the  interior  cy- 
linders ;  and  one  of  the  infulated  balls  being  connefled  by  means  of  the  glafs  tube  with  the 
conduftor,  let  the  other  ball  be  conne£led  with  the  interior  cylinders. 

RESULT. 

WHEN  the  conduftor  was  terminated  by  a  point,  and  the  cloud  paffed  near  it,  an  ezpIo« 
lion  took  place  upon  the  point,  and  the  ele£lrified  air  between  the  cylinders  was  inftantly  dis- 
charged. ^  When  the  cloud  pafled  at  a  greater  diftance,  no  explofion  took  place ;  but  the 
cle£lricity  difappeared  from  .the  tinfoiled  cylinders,  and  the  plate  of  air  between  them  was 
filently  difcharged,  as  was  fliewn  by  the  eleftrometer.- 

When  the  condu£tor  was  terminated  by  a  ball,  and  the  cloud  pafled  neat  it  \  the  ball  was 
ftruck,  and  the  plate  of  air  between  the  cylinders  difcharged  as  before  :  but  when  the  cloud 
pafled  beyond  t\it  Jiriking  difiance  to  the  ball,  the  tinfoiled  cylinders  continued  electrified,  as 
was  {hewn  by  the  elefbrometer ;  and  the  plate  of  air  remained  in  a  charged  ftate. 

In  this  cafe  no  fparks  paflfed  between  the  balls  where  the  rofln  was  placed. 


CASE   n. 


THE  lower  furface  of  the  body  of  charged  air  is  Aow  fuppofed  to  extend  over  fome  of  the 
metallic  fubftances  belonging  to  the  building,  but  not  over  the  condudior. 

The  communication  between  the  conductor  and  the  interior  cylinders  being  removed,  the 
remainder  of  the  apparatus  was  arranged  as  in  the  firft  cafe. 


RESULT. 


WHEN  the  condu£lor  was  terminated  by  a  point,  and  the  cloud  paflTed  near  to  it  5  a  fpark 
took  place  on  the  point,  and  the  rofin  in  the  interval  between  the  balls  was  inftantly  fet  on 
fire.  When  the  cloud  pafled  at  a  greater  diftance,  the  eleftricity  of  the  charged  air  difap- 
peared filently,  as  in  the  firft  cafe. 

When  the  condu£lor  terminated  by  a  ball,  and  the  cloud  pafled  near  to  it ;  it  was  ftruck, 
and  the  rofin  between  the  balls  inftantly  fet  on  fire :  hut  when  no  fpark  pafled  between  the 
cloud  and  the  ball,  no  fparks  pafled  where  the  rofin  was  placed,  and  no  decreafe  of  elec- 
tricity appeared  upon  the  tinfoiled  cylinders. 


CASE    III. 

THE  lower  furface  of  the  l^ody  of  eleftrified  air  is  now  fuppofed  not  to  extend  over  any 
part  of  the  building,  and  confequently  not  over  the  conduftor,  or  over  any  other  metallic 

fubftance  belonging  to  it. 

3  There- 
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Therefore  the  metallic  rod,  which  reprcfcnts  the  conduftor,  remaining  as  in  the  laft  cafe  y^ 
the  metallic  ball  which  was  connected  with  the  communication  between  the  interior  cylin- 
ders has  now  a  feparate  communication  with  the  earth  only.. 

R  E  S  U  L^. 

WHEN  the  conduftor  was  terminated  by  a  point,  and  the  doud  pafled  near  it  5  fomc 
weak  fparks  paiTcd  from  it  to  the  point  on  the  condufior.  If  the  cloud  pafled  at  a  greater 
diftance,  no  fparks  appeared,  but  the  eleiSiricity  on  the  tiufoiled  cylinders  was  diminiflied 
as  in  the  former  cafes. 

When  the  conduftor  was  terminated  by  a  ball,  weak  fparks  pafled  between  the  cloud  and 
the  ball,  and  the  ele£lricity  of  the  tinfoilcd  cylinders  decrcafcd  ;  but  when  the  cloud  paflied. 
at  a  diftance  above  the  point  at  which  no  fparks  pafl!ed,  ther^  was  no  variation  to  be  obfcrved 
in  the  eleftricity  of  the  charged  air. 

In  this  cafe  no  fparks  pafl!ed  in  the  interval  between  the  balls  where  the  rofln  was  phced;. 

To  the  three  cafes  already  exhibited,  a  fourth  may  be  added,  to  Ihcw  that  the  lightnings 
may  hare  paflTed  to  the  damaged  pare  of  the  building  without  having  ihuck  the  conduQor. 

Although  a  condu£^or  may  be  extended  to  aconflderable  didance  above  the  buildir^>  yet 
fomc  part  of  the  upper  furfa'ce  of  the  body  of  charged  air  may  approach  as  near  to  fomc  of; 
die  metallic  fubftances  belonging  to  the  building  as  to  the  condu^orj  and  which  may  be  cx«- 
hibited  in  this  cafe  in  two  p^arts. 


GASE   IV.^PartI. 


THE  metallic  rod,  .which reprefents  the  conductor,  has  a  perfe£l  communication  with'  the^ 
earth  only ;  the  glafs  tube  filled  with  water,  which  conne£ted  it  with  one  of  the  infulated> 
balls,  being  removed.    The  other  metallic  rod,  which  is  to  reprefent  any  pointed  metallic 
fobftance,  is  placed  upon  an  infulated  ftand,  and  is  conneAed  by  a  metallic  communication 
with  the  infulated  ball  to  which  the  tube  of  water  had  been  attached;  the  other  infulated 
hall  remaining  connefted  with  the  communication  between  the  interior  cylinders  as  before. 

The  lower  furface  of  the  Ijody  of  charged  air  is  here  fuppofed  not  to  extend  over  the  • 
oonducJor,  or  over  the  other  metallic  body,  but  to  extend  over  fonie  fubftance  within  ftrik- 
iBg  diilance  of  it. 

That  the  cloud  might  pafs  at  nearly  the  fame  diflance  from  the  point  on  tl  c  metallic  rod 
as  from  the  conduftor,  the  point  on  the  metallic  rod  was  fixed  nearly  at  the.  fame  height  as. 
the  upper  extremity  of  the  conduftor. 

RESULT. 

WHETHER  the  conduftor  w^s  rcrminatcd  by  a  point  or  by  a  ball,  and  the  cloud  pafled : 
near  to  it  as  well  as  to  the  point  iipcii  the  metallic  rod,  fomet'.mes  the  conduftor  was  ftruck, 
fometimes  the  point  upon  the  n.cullic  rod  was  ftruck,  and  which  inftantly  fet  fire  to  the 
rofin  between  the  balls. 

Sometimes,  when  a  fpark  f  afled  between  the  cloud  and  conduftor,  and  no  fpark  upon  the 
point  of  the  other  metallic  rod ;  fp:irk$  would  appear  between  the  infulated  balls,  and  of  fuf- 
ficient  ftrength  fometimes  to  light  the  rofin. 
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TheTe  fparks  were  the  weakeft  when  the  condtt£lor  was  terminated  hj  a  pointy  and 
"•much  ftronger  when  it  was  terminated  by  a  ball. 

This  circumftance  feemed  to  fhew^  that  the  paflage  of  the  eleArical  flftiid  is  not  confined 
*>to  one  circuit  only. 


CASE  IV.— Part  n. 

THE  lower  furface  of  the  body  of  charged  air  is  now  fuppofed  to  extend  over  the  con- 
-duAor;  the  other  metallic  fubftances  remaining  in  the  fame  ftate  as  before* 

The  conductor  is  now  conne£ted  with  the  communication  between  the  interior  cylindeiv. 

RESULT. 

WHEN  the  cloud  paflcd  near  to  the  condudor,  and  alfo  within  ftriking  diftance  of  the 

point  upon  the  other  metallic  rod.;  no  explofion  or  fpark  appeared  in  any  of  the  intervals^ 

•  but  the  body  of  air  was  filently  difcharged,  as  was  fliewn  by  the  eledrometer  :  and  the  fame 

cfFciSk  was  produced,  when,  by  lowering  the  point  upon  the  condu£lor,  the  cloud  pafled 

nearer  to  the  point  on  the  metallic  rod  than  to  the  condu£tor. 

When  the  condudor  was  terminated  by  a  ball,  the  ball  was  ftruck  when  the  cloud  pafled 
near  to  it ;  and  if  the  ball  was  fituate^  as  the  point  was,  fo  thatthe  cloud  pafled  nearer  to  the 
point  upon  the  metallic  rod  than  to  the  bmll  4m  the  conda^^or,  ^  the  point  on  the  metallic 
-rod  was  ftruck,  and  the  rofin  inftantly  lighted. 


■■ 


CONCLUSION. 

FROM  this  experiment  It  appears  to  be  manifeft,  that  the  advantages  arifing  from  me- 
tallic condufiors,  erefied  for  the  purpofes  of  fecuring  buildings  from  (the  effe£ls  6i  light* 
ning,  depend  more  upon  the  lower  furface  of  the  body  of  charged  air  extending  oyer  them, 
than  upon  their  form  or  conftruAion. 

It  is  not  eafy  to  decide,  from  the  refult  of  the  experiment,  whether  they  fliould  be  ter- 
^mated  by  points  or  by  balls.  Probably,  with  refpefl  to  the  large  operations  of  nature, 
there  may  be  no  difference.  The  ball  ufed  in  this  experiment  is  three  inches  diameter; 
the  largeft  furface  of  charged  air  fcarcely  exceeded  70  fquare  feet*;  but  if  fome  acres  of 
charged  air  were  brought  into  action,  the  ball  of  three  inches  would  foon  be  reduced  to  a 
point.  However,  as  the  fubjed  has  occafioned  much  controverfy,  we  may  take  the  oppor- 
tunity of  inveftigating  it  from  the  data  afforded  by  thts  experiment. 

If  we  reafon  upon  what  is  exhibited  in  the  firft  and  third  Cafes,  it  is  obvious  that  pointed 
condudors  are  to  be  preferred  to  thofe  terminated  by  balls.  They  have  the  property  of  adl- 
ing  at  a  much  greater  diftance  than  balls,  and  have  the  power  of  deftroying,  filentfy,  the 
effe£ls  of  lightning,  when  balls  can  only  accompliih  it  by  means  of  an  explofion,  which 
muft  always  be  attended  with  fome  danger. 

But  if  we  reafon  upon  the  refult  in  the  fecond  Cafe,  we  (hall  find  that  the  power  which 
points  have  of  a£ling  at  a  greater  diftance  than  balls,  will  make  them  more  liable  to  produce 
the  mifchief  {hewn  in  that  experiment.. 
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Under  thefe  confidcrations,  the  condu£lor  terminated  by  a  ball  might  be  thought  pre* 
ferable  to  one  terminated  by  a  point :  but  when  we  recolledl  that  mod  of  the  metallic  fub- 
ftances  which  belong  to  buildings  are  generally  terminated  in  edges  and  points  \  that  they 
have  the  fame  influence  as  the  point  upon  the  conduftor  j  that  their  operation  may  be  at- 
tended with  more  danger,  and  that  they  may  extend  their  influence  beyond  that  of  a  con- 
ductor terminated  by  a  ball  -,  we  may  therefore  conclude,  that  the  height  to  which  a  pointed 
conducior  is  generally  raifed  above  the  other  metallic  fubilances  belonging  to  a  building, 
when  compared  with  the  va(l  didances  at  which  lightning  can  ad):,  will  not  increafe,  in  any 
great  degree,  the  danger  to  which  a  building  may  be  expofed  under  the  circumftances  exhi- 
bited in  the  fecond  cafe  of  this  experiment :  and  therefore  conductors  that  are  terminated  by 
points  are  more  likely  to  produce  the  good  elFeCts  expedled  from  them  than  thofe  which  are 
terminated  by  balls. 

Thefe  conliderationd  upon  the  efllcAs  that  may  be  produced  by  the  joint  operations  of  po- 
fitive  and  negative  ele£lricity,  have,  thus  far,  been  confined  to  what  may  happen  within  a 
fpacc  occupied  by  a  building ;  but  they  may  be  extended  to  much  greater  fpaces  upon  the 
furface  of  the  earth.  A  condudor  may  be  ftruck  by  lightning,  and  (if  the  lower  furface  of 
the  body  of  charged  air  extends  over  no  part  of  the  building)  may  convey  the  lightning  in- 
to the  earth,  without  the  lead  mifchief  being  done  to  the  building ;  but  when  the  lightning 
arrives  at  the  lower  extremity  of  the  conductor,  there  is  no  proof  that  by  its  union  with  the 
•4earth  it  becomes  decompofcd.  That  dccompofitlon  cannot  happen  until  it  becomes  united 
with  its  oppofite  eleCtricity,  which  may  be  attached  to  a  body  of  earth  or  fubilances  hx  re* 
moved  from  the  conductor.  The  lightning  will  therefore  continue  its  operations  until  it  ar- 
rives at  the  place  where  the  oppofite  eleCtricity  is  prefent,  and  in  its  paflage  will  occafion 
much  mifchief  if  it  does  not  meet  with  good  conducting  fubftances. 

The  accidents  which  have  been  known  to  happen  at  a  diftance  from  the  place  which  was 
feen  to  be  ftruck  by  lightning,  have  been  afcribed  (by  reafoning  according  to  the  theory  of 
Dr.  Franklin)  to  what  is  called  a  returning  Jlroke\  but  it  might,  with  an  equal  degree  of 
probability  at  leaft,  be  afcribed  to  the  objeCt  to  which  the  accident  happened  being  withia 
the  circuit  which  the  lightning  makes  between  the  oppofite  furfacesof  a  body  of  charged  ain 
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Xn  addition  to  what  has  been  already  written  two  figures  are  annexed  (Plate  XVIII).  The 
firft  is  a  drawing  to  reprefent  a  building  furniftied  with  a  conductor,  which  is  fuppofcd 
to  be  ftruck  by  lightning. 

The  fecond  is  a  plan  of  a  part  of  the  eleCtrical  apparatus,  arranged  as  defcribcd  in  the 
fecond  Cafe  of  thefe  Experiments. 

References  to  Fig.  L 

A  A  reprefents  the  upper  furface  of  a  body  of  charged  air. 

B  B  B  the  lower  furface  of  the  fame  body  of  charged  air,  which  is  attached  to  the  earth 
and  terreftrial  bodies,  and  in  an  oppofite  ftate  of  eleCtricity  to  that  of  the  upper  furface  A.  A- 

This  lower  furface  may  extend  to  the  places  marked  i,  2,  3  ;  that  is,  the  limit  of  charged 
mir  may  be  reprcfented  by  the  dotted  lines  A  j,  A  2,  A  3,  as  dcfcribed  in  the  three  Cafes  pf 
the  Experiment. 

C  the  conductor. 

CF  The 


G'F,  tliepaflage  which  the  lightning  may  take,  aticording  to  the  fecdnd  Cafe  of  thigf 
Experiment,  and  damage  the  fame  building  at  F,  if  the  limit  of  charged  air  be  at  A  a ;  oi' 
the  building  near  to  it,  if  the  limit  of  eharged  air  be  at  A  3. 

RefennciS  to  Fign  IL 
A  A,  the  exterior  cylinders. 

B  B,  the  interior  cylinders. 

The  interval  between  them  is  (haded,  and  contains  the  air  whicli  is  charged. 

A  A,  the  metallic  rod  which  conne£is  the  exterior  cylinders. 

^B  Bj  the  metallic  rod  which  connects  the  interior  cylinders. 

C,  the  condu£tor. 

D  and  £,  the  two  infulated  metallic  balls. 

C  D,  the  glafs  tube  of  water  which  conne£ls  the  conduAor  C  with  the  ball  D. 

£  R,  a  metallic  rod,  which  connects  the  ball  £  with  the  communication  B  B,  between 
the  interior  cylinders. 

r,  ibmc  inflammable  fubftance,  as  rofin  mixed  with  cotton,  placed  between  the  balls  D  E. 

G,  a  metallic  rod,  to  reprefent  any  metallic  fubftance  belonging  to  the  building,  to  be 
placed  or  removed  at  pleafure.  (It  was  ufed  in  the  fourth  Cafe,  but  was  removed  from  the 
apparatus  in  the  fecond  Cafe,) 

H  H,  circular  pieces  of  cork  covered  with  tinfoil,  fixed  to  a  metallic  rod  PH. 

This  rod  F  H  Is  fixed  at  O,  into  a  glafs  pillar  of  about  ten  inches  in  height  \  the  lower 
end  of  the  glafs  pillar  is  fixed  into  tlie  centre  of  a  wheel  S,  which  turns  upon  a  pivot  that  i& 
fixed  into  the  table  T. 

The  edges  of  the  wheel  S  being  grooved,  two  cords  are  applied  to  the  two  grooves.  Thcfe 
cords,  pafling  through  pulleys  in  the  table  and  alfo  in  the  ftand  of  it,  are  conveyed  to  the 
hand  of  the  perfon  who  is  turning  the  cylinder  of  the  ele£lrical  machine,  by  which  means 
he  can  make  the  body  H  revolve  at  pleafure. 

From  the  rod  at  O  rifes  a  metallic  ftem,  with  a  fwivel  upon  the  top  of  it.  To  this  fwivel 
is  fixed  K  L,  which  conne<9;s  it  with  the  exterior  cylinder  A. 

Over  the  top  of  this  ftem  below  the  fwivel  pafles  a  cord,  fixed  at  one  end  to  the  centre  of 
H,  and  at  the  other  Xj^  the  balance  weight  P,  which  ferves  to  keep  P  H  in  an  horizontal 
pofition. 

lA  N,  a  metallic  rod  which  conneds  the  exterior  cylinders  A  A  with  the  pofitive  con«* 
duAor  of  the  eledhical  machine. 

The  metallic  rod  M  N  is  about  eight  feet  above  the  floor  of  the  room,  and  tlie  moveable 
rod  P  H  traverfea  at  about  fix  feet  above  the  floor.        H.  H. 


II. 

Nemo  Coft/iruRim  of  the  Air-Pump.    By  J  AMES  Sadler^  Efq.  Chemtft  to  the  Admiralty. 

JL  HE  conftruftion  of  the  air-pump,  with  the  improvements  of  Mr.  Cuthbertfon  and  the 
Rev.  J.  Prince,  have  been  explained  in  a  former  communication  *.  In  order  that  the  efFefl: 
of  this  inftrument  may  be  as  pcrfeft  as  its  theory  will  allow,  it  is  ncceflary  that  its  valves 
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fliould  Infallibly  open  at  the  requifite  periods  of  the  operation^  and  that  the  fpaee  betweeh 
the  pifton  and  the  upper  or  the  lower  valve,  when  at  its  extreme  poGtions,  (hould  be  the 
lead  polBble,  or  rather  that  there  (hould  be  no  vacuity  remaining.  It  has  been  (hown  that 
in  the  air-pump  of  Prince  the  lower  fpace  is  abfolutely  out  of  the  queftion,  becaufe  there  is 
no  lower  valve  \  and  the  upper  fpace  ihay  be,  and  probably  is,  much  diminifhed  by  the  effe£t 
of  the  oil.  The  air-pump  of  Cuthbertfon,  in  which  the  con(tru£tion  of  the  valves  is  mo(b 
admirable,  and  their  a£tion  abfolutely  fecured,  feems  to  poflefs  a  (lill  greater  portion  of  this^ 
laft  advantage  from  the  circulation  of  the  oil,  though  not  direfUy  intended  to  anfwer  this 
purpofe.  Mr.  Sadler  has  dire£led  his  attention  immediately  to  the  good  effefls  which  a 
due  application  of  that  fluid  is  calculated  to  produce,  and  has  cooftru£^ed  an  air-pump,  pof< 
fefling  the  deflrablc  requifites  of  fimplicity,  cheapnefs  and  power,  of  which  Figure  u 
Plate  XIX.  is  a  (ketch. 

A  B  reprefencs  the  barrel,  Qji  folid  pifton  or  plunger  (itted  into  the  barrel,  and  leathered 
fomewhat  loofely.  O  is  the  pifton-rod,  capable  of  being  raifed  and  deprefiTed  in  the  ufual  way 
by  a  handle  and  toothed  wheel  which  ads  upon  the  (Iraight  rack-work.  The  barrel  conmiu- 
nicates,by  means  of  the  pipe  C,  with  a  chamber  D,  at  the  upper  part  of  which  is  a  valve  K^ 
opening  upwards  into  a  ciftern  L.  P  is  the  plate  for  the  receiver,  through  which  a  commu- 
nicationrpipe  N  £  paiTes  to  the  interior  part  of  the  ve(rel,  D.  At  the  lower  extremity  £  of 
this  pipe  there  is  a  valve,  connedied  with  the  lever  F  H,  by  a  wire  F  E  pai&ng  through  a 
collar  of  leathers.  G  is  the  axis  of  the  lever  F  H,  upon  which,  by  means  of  a  weight  at 
H,  an  a£iion  is  produced  which  pre(res  the  valve  £  upwards  into  its  place.  H  I  is  another 
wire  or  tail,  by  means  of  which  the  extremity  H  of  the  lever  may  be  raifedj  and  con(e« 
quently  the  valve  £  opened. 

From  thefe  particulars  the  efFe^  of  the  machine  may  be  explained.  Let  the  pifton  be 
drawn  out  and  the  barrel  filled  with  oil,  which  will  of  courfe  rife  to  the  fame  level  in  D. 
Let  the  pifton  then  be  put  in  and  pre(red  downwards  by  turning  the  handle.  The  oil  will 
be  driven  from  the  barrel  into  D,  driving  the  air  before  it  through  the  valve  K  fo  com» 
pletely,  that  a  portion  of  the  oil  itfelf  will  follow  into  the  ciftern  L.  Let  the  pifton  be 
again  drawn  upwards,  and  the  oil  will  follow,  becaufe  D  is  higher  than  the  valve,  and 
will  confequently  leave  an  empty  fpace  in  this  vefTel  D.  As  foon  as  the  pifton-rod  has  ar- 
rived at  a  certain  height,  it  will  a£t  by  means  of  a  prominence  upon  the  catch  I,  and 
open  the  valve  £.  A  portion  of  the  air  in  the  receiver  will  therefore  ru(h  into  D.  Upon 
the  return  of  the  pifton  the  valve  £  will  in  the  firft  place  (hut,  and  the  air  in  D  will  be  ex- 
truded through  K.  This  extrufion  will  be  as  complete  as  before,  becaufe  at  every  ftroke  a 
portion  of  oil  from  the  ciftern  L  will  pafs  through  the  pipe  L  M  to  the  upper  part  of  the' 
barrel,  and  efcape  befide  the  piHon  while  rifing,  on  account  of  the  loofe  manner  in  which  it 
U  leathered.  From  this  contrivance  it  is  provided  that  the  internal  part  of  the  machine 
(hall  contain  oil  fufficient  not  only  to  difplace  the  air,  but  even  to  pafs  through  in  a  fmall 
quantity  after  it  by  means  of  the  valve  K  ;  and  confequently,,  by  working  the  apparatus  the 
cxhauftion  may  be  carried  to  any  defired  degree.  Fig.  2.  reprefents  the  fame  machine 
viewed  in  another  diredlion. 

In  the  prefent  pump  the  valve  K  may  be  confidered  as  reprefenting  the  valve  which  clofes 
the  upper  part  of  the  barrel  in  Cuthbertfon's  pump,  and  the  valve  E  as  the  lower  fixed  valve. 
We  fee  therefore  from  this  combination  that  tlie  (olid  pifton  is  made  to  a£t  both  ways,  in 

the 
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the  fame  manner  as  if  a  fide  vnlvc  had  been  made  in  Cuthbertfon*«  barrd,  opening  out- 
wards beneath  the  pifton^  and  the  pifton  itfelf  had  been  made  folid.  For  in  fuch  an  arrange- 
ment the  rifing  ftroke  would  have  drawn  the  air  out  of  the  receiver,  and  the  defcending  ftroke 
would  have  driven  it  out  fideways.  But  Mr.  Sadler  has  removed  the  objcdiona  which  might 
be  made  to  fuch  a  difpofition,  by  making  his  pifton  in  effefi  fluid,  and  therefore  capable  of 
adapting  itfelf  to  every  cavity  or  irregularity  in  the  veffcl  D. 

How  far  it  might  be  found,  in  procefs  of  time,  that  the  oil  might  become  changed  by  the 
circulation,  and  lefs  fit  for  the  purpofe  5  whether  it  might  carry  minute  bubbles  of  air  along 
with  it,  and  whether  mercury  or  any  other  fluid  in  veflels  of  fuitable  materials  might  be  pre- 
ferable, I  know  not.  But  thus  much  is  certain,  that  the  means  of  conftrufting  an  inftrument 
of  this  kind,  with  a  few  flight  variations  to  facilitate  the  execution,  arc  within  the  power  of 
many  ingenious  philofophical  men  who  have  neither  the  ability  nor  the  fldll  to  procure  a 
good  air-pump  of  the  other  conftru£lions. 

Fig.  3  reprcfents  a  barrel  in  which  the  imperfeftion  of  a  fpace  between  the  pifton  and 
lower  valve  is  obviated,  and  the  a£iion  of  this  laft  valve  fecured.  A  B  reprefents  the  barrel  ; 
O,  the  pifton  rod  ;  C,  the  valve  in  the  pifton  j  1 1,  the  leathers  ;  -L  L,  a  hollow  cylindrical 
piece  of  metal,  which  nearly  fits  the  cavity  M  M,  which  furrounds  the  lower  valve  D  and 
its  tube.  The  piece  L  L  does  not  touch  the  barrel,  and  there  are  two  holes,  K  K,  commu- 
nicating with  the  central  cavity  in  the  pifton,  from  the  fpace  between  L  and  the  barrel. 
This  pifton  alfo  is  not  leathered  very  tight,  becaufe  it  is  intended  that  the  preflure  of  the 
atmofphcre  fliall  force  a  portion  of  oil  into  the  lower  cavity  of  the  barrel  during  the  afcent 
of  the  pifton.  P  is  the  tube  which  communicates  with  the  receiver*  N  is  a  ftopping* 
fcrew  ferving  to  clofe  a  hole  through  which  any  fuperfluous  oil  may  be  drawn.  G  E  is  a 
lever  applied  to  open  the  lower  valve  D,  when  the  pifton  has  rifen  to  a  certain  height^  and 
by  a  proper  communication  afts  upon  the  extremity  G  by  the  wire  H.  Let  it  be  fuppofed 
that  the  pifton  is  down,  and  that  oil  is  poured  into  the  barrel  above  it.  While  the  pifton  ia 
drawn  up,  a  portion  of  the  oil  will  infinuate  itfelf  paft  the  leathering  into  the  partial  vacuum 
below.  As  foon  as  the  pifton  has  rifen  nearly  to  its  limit,  the  valve  D  will  be  opened^  and 
part  of  the  air  in  the  receiver  will  pafs  into  the  barrel  through  P.  Upon  the  return  of  the 
pifton  the  valve  D  will  in  the  firft  place  clofe  ;  and  when  the  pifton  ihall  arrive  at  its  lower 
ftation,  the  oil  in  M  M,  being  difplaced  by  the  piece  L  L,  will  rife  through  all  the  cavities 
of  the  pifton,  and  drive  out  whatever  portion  of  air  may  not  have  efcaped  through  C  during 
the  defcent.  And  fince  every  rifing  ftroke  of  the  pifton  will  be  attended  with  the  tranfition 
of  a  portion  of  the  oil  from  the  upper  to  the  under  part  of  the  barrel,  the  fpace  M  M 
will,  at  the  end  of  every  defcending  ftroke,  be  found  to  contain  not  only  a  fuflicient  quan- 
tity to  fill  the  place  which  would  elfe  Jiave  been  occupied  by  air,  but  alfo  another  portioni 
jyrhich  will  pafs  through  C  at  the  termination  of  the  ftroke,  and  complete  the  cflTca. 
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Obftrvationf  on  PhofpBmu.      By  Citizen  BrvgnATELU^  Prrfeffor  of  Chemyiry^  \sfc. 

^       at  Pavia*9 


I 


N  one  of  the'public  meetings  of  the  Laboratory  of  the  Univerfity,  when  the  fubje£);  related 
to  the  peculiar  properties  of  Kunckers  phofphorus,  and  reqi}ired  thofe  experiments  to  be  re- 
peated upon  which  Goettling  has  built  his  theory  in  oppofition  to  that  of  the  French  che- 
mifts  ;  I  repeated  the  valuable  experiments  of  Fourcroy  and  Vauquelin,  which  are  defcribed 
in  the  prefent  volume  f,  which  fhew  the  error  of  the  German  chc/nifts  j  and  as  I  have  ob- 
ferved  fome  peculiar  circumftances  not  mentioned  by  the  Parifian  chemifts,  I  flatter  myfelf 
that  a  detail  of  thefe  experiments  will  not  difpleafe  my  readers* 

EXPERIMENT  I. — Tie  rapid  Solution  ofPbofphorus  in  pure  Oxygene  GasX  ;  and  itr'CombuJlion^ 

ivhich  takes  place  By  the  Mixture  of  other  Gafes. 

I  introduced  a  cylindrical  piece  of  phofphorus  fupported  on  a  tube  of  glafs  into  a  long 
Jar,  the  upper  part  of  which  contained  fix  cubic  inches  of  oxygene  gas  obtained  from  nitrc^ 
The  reft  of  the  jar  was  full  of  water.  It  was  formed  of  thin  white  glafs,  three  inches  in 
djameter ;  and  the  experiment  was  made  in  the  moft  perfef):  darknefs  with  the  hydro-pnea- 
inatic  apparatus.  The  thermometer  of  Reaumur  ftoodat  12  degrees  above  o^  (599  of  Fahren- 
heit). After  the  phofphorus  had  remained  in  this  pofition  for  one  minute,  it  was  withdrawn^ 
and  a  few  bubbles  of  inflammable  gas  were  introduced.  This  gas  was  obtained  by  diflblving 
iron  in  the  fglphuric  acid  $  diluted  with  water,  which  was  conftantly  ufed  in  thefe  experi- 
mCf^ts.^  As  feon  as  the  bubbles  of  this  gas  had  entered  the  phofphonU^d  oxygene  ga8,;thc 
whole  mafs  of  elaftic  fluid  beneath  the  glafs  appeared  phofphorefcent.  Azotic  gaS)  obtained 
from  animal  fibre  by  means  of  nitric  acids,  produced  the  fame  effed);. 

In  fome  inftances  the  phofphorus  introduced  into  the  oxygene  gas  produced  a  flight 
phofphoric  vapour,  which  immediately  ceafed  ;  but  the  fame  phenomenon  was  produced  by 
introducing  Inflannnable  gas  into  this  gas.  But  when  by  accident  the  phofphorus  intro- 
chiced  into  the  oxygene  gas  began  to  (hine  v  the  gas  itfelf,  which  had  thus  been  placed  m 
eontaft  with  the  phofphorus,  no  longer  (hone,  even  after  the  expiration  of  fome  time  by  the 
addition  of  the  afore-mentioned  gafes,  in  whatever  proportion  they  were  added^  unlefs  the 
white  vapour  was  condenfed  and  the  phofphorus  extinguifhed. 

*  Airaali  di  Chimica  e  Hiftoria  Naiurale,  tomexiii.  ann.  1797,  page  275.  I  do  not  poflefs  this  work,  but' 
have  fbUowcd  the  tranflation  of  Citizen  Van  Mons  in  the  14th  volume  of  the  Annalcs  de  Chemie,  whofc  ac- 
curacy and  knowledge  of  the  fuhjtdt  afiford  the  mod  perfect  aifurance  of  his  ibdelity. 

•f  Ibid,  page  3.  J  The  author  calls  this  gas  tberm- oxygene, 

}  The  author  calls  this  ^cid  oxi-fulpburic.  He  prefixes  to  the  name  of  each  acid  the  fyllables  oxi,  fuch  at 
Mti-nitric,  oxi-phofphoric,  &c. 

M.  Van  Mons  has  preferred  the  nomenclature  prefcntcd  by  the  French  chcmifts  ;  and  juftly  remarks,  that,  if 
every  chcmift  were  to  makeonc,-it  would  foon  become  impofliblc  todiftinguilhthc  fubllanccs  concerning  which, 
they  might  write. 

EXP. 
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EXP.  H.'^Pbofphorated  Oxy^ene  Gas  becomes  luminous  by  the  Conta^  of  the  Oxygenated 

Muriatic  Acid  Gas. 

AFTER  baring  left  a  cylinder  of  phofphorus  for  one  minute  in  federal  cubic  inches  of 
pure  oxygene  gas,  in  which  it  did  not  (hine  at  all,  nor  zfkGt  the  tranfparency  by  white  va« 
pours  when  brought  into  the  light ;  a  bubble  of  oxygenated  muriatic  acid  gas,  obtained  by 
diftillation  of  the  ordinary  muriatic  acid  from  the  black  oxide  of  manganefe,  was  introduced. 
The  mixture  of  the  two  gafcs  produced  a  foft  light  through  the  whole  mafsof  elaftic  fluid 
contained  in  the  vefiel. 

EXP.  III.  Pbofphorated Oxygene  is  aljo  luminous  with  Nitrous  Gas, 

NITROUS  gas  is  very  greedy  of  oxygene,  in  order  to  convert  itfelf  into  nitrous  acid.  The 
nitric  acid  fuddenly  takes  this  gas  from  the  oxygene  gas,  while  heat  is  developed,  and  the 
combination  is  {hewn  in  red  vapours.  I  was  defirous  of  afccrtaining  what  would  happen 
when  nitrous  gas  wasv  introduced  into  phofphorated  oxygene  gas,  according  to  the  ufual 
procefs.  As  I  performed  my  experiment  in  the  dark,  1  could  not  obfcrve  the  moment  in 
which  the  nitrous  gas  arrived  at  the  upper  part  of  the  jar  in  contact  with  the  phofphorated 
gas.  A  very  perceptible  azure  light  was  feen,  which  was  moVe  confiderable  than  had  been 
afforded  by  the  ufe  of  any  other  kind  of  gas.  A  fecond  introdu£lion  of  nitrous  gas  produced 
no  further  effeft.  The  veffcl  being  afterwards  infpefted  by  the  liglil  of  a  candle,  the  mixture 
of  the  twogafes  appeared  fo  opake,  and  the  glafs  fo  loaded  with  white  vapours,  that  it  ap* 
peared  as  if  filled  with  milk* 

EXP.  W .-^Phofphorus  is  foluhle  in  Hydrogene  Gas. 

INFLAMMABLE  gas  diflblves phofphorus  as  fpcedily  as  oxygene  gas  in  the  firft  Experl- 
ment,  and  the  whole  volume  of  this  gas  is  impregnated  and  becomes  phofphorefcent  by  the 
contact  of  oxygene  gas,  or  the  oxygenated  muriatic  acid  gas.  But,  in  order  to  obferve  this  phe- 
nomenon in  perfe£lion,  it  is  neceflary  to  operate  with  pure  inflammable  gas,  which  has  not 
long  been  in  conta£l  with  water,  becaufe  this  would  prevent  its  a£ling  upon  the  phofphorus 
with  the  fame  energy  i  and  as  this  gas  abforbs  a  certain  portion  of  pure  air  from  the  water,  it 
would  follow  that  the  phofphorus  would  produce  more  or  lefs  of  white  vapour,  and  readily 
emit  light.     It  is  therefore  neceflTary  to  operate  over  mercury* 

EXP.  V.  VI.  and  VII. — The  Appearances  0/  Phofphorus  in  the  Oxygenated  Muriatic  Acid  Gas^ 

A  PIECE  of  phofphorus  was  introduced  ii\to  a  cylinder  of  glafs  filled  with  oxygenated 
muriatic  acid  gas  over  water.  It  did  not  burn  perceptibly  in  the  dark  j  but  in  the  light,^ 
white  vapours  were  feen  through  the  whole  of  the  glafs  in  fuch  plenty  as  to  render  it  opake* 
A  fliort  time  afterwards  the  phofphorus  was  fufed  and  ran  like  wax  by  heat,  or  camphor 
by  the  nitric  acid.  The  phofphorus  in  this  ftate  floated  on  the  water,  inftead  of  falling  to 
the  bottom  as  before  its  fufion.  The  temperature  of  the  atmofphere  at  the  time  of  making, 
this  experiment,  was  about  ten  degrees  above  o.  I  put  a  large  cylindrical  piece  of  phofpho* 
rus  into  a  cry  Rial  decanter,  placed  on  a  table,  and  full  of  very  pure  oxygenated  muriatic  acid 
gas.  The  capacity  of  the  bottle  was  eight  cubic  inches,  and  it  was  entirely  full.  The  phof- 
phorus took  fire  with  flame,  and  threw  out  a  great  number  of  very  brilliant  fparks  againfl: 
the  fides  of  the  veflel,  which  it  heated,  and  itfelf  became  entirely  fufed^    The  vefiel  wa» 
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Therefore  the  metallic  rod,  which  rcprcfcnts  the  conduftor,  remaining  as  in  the  laft  cafe  \^ 
the  metallic  ball  which  was  conne£led  with  the  communication  between  the  interior  cylin- 
derv  has  now  a  feparate  conununication  with  the  earth  only.. 

R  E  S  U  L^. 

WHEN  the  conduftor  was  terminated  by  a  point,  and  the  doud  pafled  near  it  j  fomc 
weak  fparks  pafled  from  it  to  the  point  on  the  condudlor.  If  the  cloud  pafled  at  a  greater 
diftance,  no  fparks  appeared,  but  the  elciSlricity  on  the  tinfoiled  cylinders  was  diminiflicd 
as  in  the  former  cafes. 

When  the  conduftor  was  terminated  by  a  ball,  weak  fparks  pafled  between  the  cloud  and 
the  ball,  and  the  ele£lricity  of  the  tinfoiled  cylinders  dccrcafed  ;  but  when  the  cloud  pafl'ed . 
at  a  diflance  above  the  point  at  which  no  fparks  pafl^Gd,  ther^  was  no  variation  to  be  obferved 
in  the  cleftricity  of  the  charged  air. 

In  this  cafe  no  fparks  paflrd  in  the  interval  between  the  balls  where  the  rofln  was  placed; 

To  the  three  cafes  already  exhibited,  a  fourth  may  be  added,  to  (hew  that  the  lightnings 
may  hare  paflTed  to  the  damaged  parc'of  the  building  without  having  ilruck  the  conduQor. 

Although  a  condu£^or  may  be  extended  to  a^confiderable  didance  above  the  buildir^>  yet- 
fomc  part  of  the  upper  furfa'ce  of  the  body  of  charged  air  may  approach  as  near  to  fome  of. 
die  metallic  fubftances  belonging  to  the  building  as  to  the  condu^or.}.and  which  may  be  cx«- 
hibited  in'  this  cafe  in  two  p^arta. 


CASE  IV.^PaktI. 


THE  metallic  rod,  .which  reprefents  the  conductor,  lias  a  perfe£l  communication  with'  the^ 
earth  only ;  the  glafs  tube  filled  with  water,  which  connected  it  with  one  of  the  infulated  - 
balls,  being  removed.    The  other  metallic  rod,  which  is  to  reprefent  any  pointed  metallic 
fobftance,  is  placed  upon  an  infulated  ftand,  and  isconneAed  by  a  metallic  communication 
with  the  infulated  ball  to  which  the  tube  of  water  had  been  attached ;  the  other  infulated 
ball  remaining  connected  with  the  communication  between  the  interior  cylinders  as  before* 

The  lower  furface  of  the  Ijody  of  charged  air  is  here  fuppofed  not  to  extend  over  the  • 
oonduclor,  or  over  the  other  metallic  body,  but  to  extend  over  fome  fubftance  within  Arik- 
iBg  diftance  of  it. 

That  the  cloud  might  pafs  at  nearly  the  fame  diftance  from  the  point  on  tl  c  metallic  rod^ 
as  from  the  conduftor,  the  point  on  the  metallic  rod  was  fixed  nearly  at  thci  fame  height  as. 
the  upper  extremity  of  the  conduftor. 

RESULT. 

WHETHER  the  tonduftor  W3s  terminated  by  a  point  or  by  a  ball,  and  the  cloud  pafled '. 
near  to  it  as  well  as  to  the  point  upon  the  metallic  rod,  fometimes  the  conduflor  was  ftruck, 
fometimes  the  point  upon  the  mecallicrod  was  ftruck,  and  which  inftantly  fet  fire  to  the 
rofin  between  the  balls. 

Sometimes,  when  a  fpark  pafled  between  the  cloud  and  conduAor,  and  no  fpark  upon  the 
point  of  the  other  metallic  rod ;  fp:irk$  would  appear  between  the  infulated  balls,  and  of  fuf- 
ficient  ftrength  fometimes  to  light  the  rofin. 

Tlicfe 
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TheTe  fparks  were  the  weakeft  when  the  condtt£lor  was  terminated  hj  a  pointy  and 
''tnuchftronger  when  it  was  terminated  by  a  ball. 

This  circumftance  feemed  to  fhew.^  that  the  paflage  of  the  eleArical  &id  is  not  confined 
^to  one  circuit  only. 

CASE  IV.— Part  n. 

THE  lower  furface  of  the  body  of  charged  air  is  now  fuppofed  to  extend  over  the  con- 
^  du Aor  \  the  other  metallic  fubftances  remaining  in  the  fame  ftate  as  before. 

The  conductor  is  now  conne£ted  with  the  communication  between  the  interior  cyEndeiv. 

RESULT. 

WHEN  the  cloud  paflcd  near  to  the  conduflor,  and  alfo  within  ftriking  diftance  of  the 

point  upon  the  other  metallic  rod.;  no  explofion  or  fpark  appeared  in  any  of  the  intervals^ 

'but  the  body  of  air  was  filently  difcharged,  as  was  fliewn  by  the  eledrometer  :  and  the  fame 

efFedl  was  produced^  when,  by  lowering  the  point  upon  the  condu£lor,  the  cloud  pafled 

nearer  to  the  point  on  the  metallic  rod  than  to  the  condu£tor. 

When  the  condudor  was  terminated  by  a  ball^  the  ball  was  ftruck  when  the  cloud  pafled 
near  to  it ;  and  if  the  ball  was  fituate^  as  the  point  was,  fo  that  the  cloud  pafled  nearer  to  the 
{lointupon  the  metallic  rod  than  to  the  b«U  on  the  coadu^^or,  the  point  on  the  metallic 
•rod  was  ftruck,  and  the  rofin  kiftantly  lighted. 


■■ 


CONCLUSION. 


FROM  this  experiment  It  appears  to  be  manifcft,  that  the  advantages  arifing  from  me- 
tallic condufiors,  erefied  for  the  purpofes  of  fecuring  buildings  from  {the  effe£ls  6i  light* 
ningi  depend  more  upon  the  lower  forface  of  the  body  of  charged  air  extending  oyer  them, 
than  upon  their  form  or  conftruAion. 

It  is  not  eafy  to  decide^  from  the  refult  of  the  experiment,  whether  they  fliould  be  ter« 
^xninated  by  points  or  by  balls.  Probably,  with  refpefl  to  the  large  operations  of  nature, 
there  may  be  no  difference.  The  ball  ufed  in  this  experiment  is  three  inches  diameter; 
the  largeft  furface  of  charged  air  fcarcely  exceeded  70  fquare  feet':  but  if  fome  acres  of 
charged  air  were  brought  into  action,  the  ball  of  three  inches  would  foon  be  reduced  to  a 
point.  However,  as  the  fubjed  has  occafioned  much  controverfy,  we  may  take  the  oppor>- 
tunity  of  inveftigating  it  from  the  data  afforded  by  thts  experiment. 

If  we  reafon  upon  what  is  exhibited  in  the  firft  and  third  Cafes,  it  is  obvious  that  pointed 
condudors  are  to  be  preferred  to  thofc  terminated  by  balls.  They  have  the  property  of  adl- 
ing  at  a  much  greater  diftance  than  balls,  and  have  the  power  of  deftroying,  filentfy,  the 
effe£ls  of  lightning,  when  balls  can  only  accompliih  it  by  means  of  an  explofion,  which 
muft  always  be  attended  with  fome  danger. 

But  if  we  reafon  upon  the  refult  in  the  fecond  Cafe,  we  (hall  find  that  the  power  which 
points  have  of  a£ling  at  a  greater  diftance  than  balls,  will  make  them  more  liable  to  produce 
the  mifchief  {hewn  in  that  experiment.. 

I  Under 


^^8  ^Experiments  en  ihe  Sohiions  dfPhoJ^Urtts 

The  bottle,  when  obferved  in  the  dark,  exhibited  no  light  \  the  water  agttnted  in  ereiy 
-dirctlion  produced  no  light ;  but  jit  was  fcen  to  inflame  immediately  upon  the  conta£t  of 
the  atmofphere  by  taking  out  the  cork ;  and  when  the  light  difappeared,  it  was  capable  of 
being  produced  again  by  agitating  the  fame  water,  which  immediately  before  did  not  ex- 
hibit any  light  by  the  ftrongeft  agitation. 

In  this  experiment  the  flame  likewife  arofe  from  the  phofphoric  particles  on  the  furface 
of  the  water,  ^ith  the  vapours  of  the  phofphorus  which  it  condenfed  by  burning.     The^ 
total  want  of  light  in  the  included  air  before  it  was  open  arofe  from  the  total  want  of 
pure  air,  which  is  neceflary  for  the  produ£lion  of  this  phenomenon. 

EXP.  X. 
I  DISSOLVED  a  fmall  piece  of  phofphorus  in  pure  oil  of  turpentine.  The  oil  be- 
came flightly  turbid,  afterwards  clear,  aflumed  a  yellowifli  colour,  and  emitted  a  flight  fmell 
of  phofphorus.  A  cryftal  phial  was  half  filled  with  this  foluiion.  I  was  defirous  of  ob- 
ferving  whether  agitation  would  aflford  a  flame  in  the  air,  as  in  the  former  experiment  \  but 
J  did  not  perceive  the  leaft  light.  I  obferved  the  fame  thing  with  the  prepared  oil  of 
thyme,  containing  phofphorus.    The  temperature  of  the  atmofphere  was   15  degrees 

above  zero. 

EXP.  XI Obfervation  on  Phofphorated  Alhohoh 

PHOSPHORUS  diflblves  in  alkohol  when  it  is  very  pure.  In  proportion  as  the  folution 
is  eflecled,  the  alkohol  lofes  its  proper  fmell,  and  aflumes  that  of  phofphorus,  which  is 
very  difagrecable.  The  alkohol  takes  up  very  little  of  the  phofphorus,  and  continues  en- 
tirely limpid.  I  attempted,  but  conftantly  in  vain,  to  obferve  the  phenomenon  of  the  flame 
in  the  air  of  the  veflTels,  which  I  had  partly  filled  with  phofphorated  alkohol.  Its  habitude 
was  in  every  refpe£t  fimilar  to  that  of  phofphorated  oil  of  turpentine  at  the  ordinary  tem- 
perature of  the  atmofphere. 

EXP.  XJl.     Water  caufes  Phofphorated  Alkohol tojbine  very Jlronglj. 

IF  in  perfeA  darknefs  a  drop  of  phofphorated  alkohol  be  poured  into  a  cryllal  decanter  at 
the  bottom  of  which  is  a  fmall  quantity  of  pure  water,  a  very  fingular  phenomenon  is  ob« 
fervable.  At  the  moment  when  the  phofphorated  alkohol  comes  into  conta£l  with  the 
water,  a  brilliant  light  is  difengaged,  which  pafies  with  a  ferpentine  motion,  and  rapid, 
crackling  along  the  furface  of  the  water.  The  air  within  the  vefiel  then  becomes  entirely 
luminous,  and  remains  for  fome  time  in  this  ftate.  If  the  bottle  be  unclofed,  and  air  blown 
into  it ;  the  white  vapours  difappear,  the  air  becomes  tranfparent,  and  the  pbofphorelcence 
difappears :  but  if  the  mixture  be  again  agitated,  feveral  luminous  points  are  feen  at  it« 
furface,  the  air  o£  the  bottle  becomes  again  inflamed ;  and  this  may  be  renewed  until  the 
whole  of  the  phofphorated  alkohol  has  been  confumed. 

If  a  pen  be  dipped  in  water,  and  in  this  ftate  it  be  plunged  in  phofphorated  alkohol  \  at 
the  moment  of  contaA  of  the  two  fluids  a  fudden  light  fpreads  through  the  air^  and  very 
perceptible  flames  are  feen,  in  a  dark  place,  to  ifliie  from  time  to  time  out  of  the  mouth  o£ 
the  phial. 

EXP.  XIII.     Water  is  not  the  only  Subftance  which fets fire  to  Phofpheraied  Alkohol. 
I  HAVE  obferved  that  the  phenomenon  of  the  inflammation  of  phofphorated  alkohol 
not  only  takes  place  with  cold  and  with  boiling  water,  but  alfo  with  concentrated  fulphuric 

acid. 
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ncid,  with  the  folution  of  pot-afli,  with  the  liquid  nitrate  of  lime,  and  with  the  folution  of 
Tarious  alkaline  falts* 

EXR  XIV.     Sulphuric  Ether  dijjblves  Phojphorus. 

I  LEFT,  during  fixtccn  days,  in  a  well  clofed  cryflal  decanter,  two  cylinders  of  good 
phofphorus,  with  fo^ne  ounces  of  fulphuric  ether* 

This  liquid  did  not  appear  to  have  loft  its  ufual  fmell,  as  was  the  cafe  with  alkohol.  It 
was  very  tranfparent  j  and,  upon  being  decanted  into  another  bottle  and  agitated  in  ob- 
fcurity,  there  were  no  figns  of  phofphorefcence.  I  afterguards  poured  fome  drops  into  water 
which  I  had  put  in  another  bottle.;  biit  here  alfo  I  obferved  no  appearance  of  light,  though 
the  place  of  operation  was  perfedly  dark, 

'  The  phofphorated  ether  was  feen  in  the  light  floating  upon  the  water,  and  very  limpid. 
I  added  a  fmall  quantity  of  alkohol  to  this  mixture,  which  immediately  rendered  it  turbid 
like  milk.  This  phenomenon  may  afford  a  fure  means  of  afcertaining  the  purity  of  ether. 
The  mixture  agitated  in  every  direction  afforded  no  light ;  but  light  appeared  with  much 
vivacity  and  at  feveral  repetitions  after  the  mixture  had  been  a  little  heated.  A  great 
number  of  luminous  points  appeared  on  the  furface  of  the  water  after  it  had  been  long 
agitated.  I  made  this  experiment  in  a  bottle  of  a  certain  fize,  cIoGng  and  uncloflng  it 
fometimes  in  order  that  the  white  vapours  might  iflTue  out,  in  proportion  as  they  were 
formed. 

The  following  are  the  confequences  which  I  have  deduced  from  the  foregoing  experi* 

ments : 

1.  Phofphorus  is  very  readily  diflblved  in  pure  oxygene  gas  at  a  mean  temperature 
(Exp.  LJ  without  emitting  light ;  and  the  phofphorated  oxygene  gas  fhincs  when  it  is  di£- 
fufed  in  any  other  azotic  or  mephitic  gas.  (Exp.  IL  and  HI.)  This  phenomenon  appears 
to  me  to  depend  on  the  agitation  which  the  integral  parts  of  tlie  oxygene  gas  and  phof- 
pliorus  undergo  when  another  gas  is  mixed  with  them,  and  from  the  diminution  of  affinity 
between  the  integral  parts  even  of  the  oxygene  gas,  efFe£led  by  the  addition  of  the  new 
gas.  By  this  diminution  of  affinity,  if  phofphorus  is  placed  in  the  fphere  of  chemical  at- 
traftion  with  the  Oxygene,  the  oxygene  gas  becomes  decompofed,  and  the  phofphorus 

burns. 

2.  Phofphorus  is  likewife  fpeedily  difTolvcd  in  inflammable  gas  fExp.  IF.  J  and  this 
phofphorated  gas  bums  when  it  is  brought  into  contaft  with  any  oxygene  gas. 

3.  The  oxygenated  muriatic  acid  gas  fuddenly  burns  phofphorus.  The  oxygene  gas 
wWch  contains  this  acid  is  decompofed  by  the  phofphorus,  which  rapidly  combines  with 
the  oxygene  (Exp.  V.  VI.  VII.)  to  form  phofphoric  acid;  and  the  concrete  caloric,  or 
other  component  principled  of  the  oxygenated  muriatic  acid  gas,  bemg  fct  at  liberty^  jaifet 
the  tempetature,  and  meka  the  phofphorus  which  is  not  yet  oxygenated. 

4.  Phofphorus  is  not  foluble  in  pure  carbonic  acid  gas  (Exp.  VIIL) ;  neverthelefii,  at 
the  temperature  of  12  degrees  above  o  of  the  thermometer  of  Reaumur,  it  bums  better  in 
this  gas  mixed  with  a  fmall  portion  of  oxygene  gas,  than  when  in  atmofpheric  air  at  the  fame 
temperature. 

5.  Water  does  not  diflfolve  phofphorus,  but  it  holds  very  fmall  particles  in  a  ftate  of 
fufpenCon,  more  efpecially.  thofe  which  are  impregnated  with  a  principle  of  combuftion. 
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and  have  been  fufcd  by  caloric  (Exp.  V.  VL  and  Vllh).    The  air  of  the  atmofphere  dit 

folves  phofphotus  at  the  moment  it  burns  it,  and  the  folution  is  fcnfibly  phofpborefcent 
when  the  experiment  is  made  in  a  cryftal  glafs  bottle.  This  caufes  a  flame  more  or  lefs 
brilliant,  in  proportion  to  the  greater  or  lefs  quantity  of  phofphorus  which  is  burned  at 

the  fame  titfte- 

6.  Phofphorus  which  Is  burned  in  a  decanter  with  water  at  the  bottom,  not  only  dc- 

compofes  the  oxygene  of  the  air  in  which  it  burns,  but  likewife  that  of  the  air  which  is 
found  mixed  with  water  {Exp,  X.). 

7.  Oil  of  turpentine  and  oil  of  thyme,  containing  phofphorus,  do  not  burn  in  contadl 
with  atmofpheric  air  at  the  ordinary  temperature  (Exp.  XL). 

8.  Alkohol  difTolves  phofphorus,  and  lofes  its  agreeable  fmell.  Phofphorus  (bines  in 
the  atmofpheric  air  of  clofed  veflels,  by  pouring  phofphoratcd  alkohol  upon  fome  fubftance 
which  fhall  combine  with  the  liquid  and  feparate  the  phofphorus  j  fuch  arc  water,  ful- 
phuric  acid,  &c.  (Exp.  XIL  XIII.  XIV.) 

Sulphuric  ether  likewife  diflblves  phofphorus,  and  this  folution  is  not  decompofed  by 
water,  upon  which  it  floats;   but    when  phofphoratcd  ether  is  diluted  with   alkohol, 
or  is  changed  intc>  anodyne  liquor,  it  then  combines  with  water,   and  quits  the  phof- 
phorus,  which,  being  divided  into  very  fine  white  particles,  gives  the  mixture  the  colour   . 
of  milk. 


IV. 

.0/1  the  ^  Advantage  of  inverting  the  Slider  in  matvf  Operations  on  the  Commen  Sliding  Ru/e^ 

By  the  Rev.  W.  Pearson ^  of  Lincoln. 

To  Mr.  Nicholson^  Author  of  the  "  Journal  of  Natural  PUlofoptff^^  fe*^ 

SIR, 

\J  N  peruGng  the  eighth  number  of  your  Journal,  I  was  much  pleafe^  with  the  ingeni* 
.ous  inftruments  mentioned  in  the  Vlllth  article,  upon  which  the  gradus^ttox^f  of  Gunter'a 
Line  of  Numbers  are  fo  difpofed  as  to  be  very  confiderably  enlarged,  whilft  yet  the  whole 
Tange  of  a  fingle  line  is  contsuned  in  a  fmall  compafs.  If  an  inftrument  of  either  the  pa* 
rallel,  circular,  or  fpiral  conftru6lion,  of  a  convenient  Cze,  were  manufaAured  for  fale,  with 
a  proper  degree  of  accuracy,  I  am  fully  perfuaded  that  confiderable  advantage  would  be 
derived  therefrom  by  purchafers ;  particularly  by  thofe  perfons  whofe  profeflion  is  to  make 
pra£lical  calculations.  But  as  the  public  are  in  poflTeffion  of  a  Aiding  rule,  m  tl|e  opcratioi^ 
^of  which  long  ufagc  has  made  every  mechanic  expert,  it-  is  to  be  apprehende4  that  pre- 
judice would  in  this,  as.  in  other  inftances,  prove  an  obdacle  to  the  general  O^le  of  fuch  ai» 
inftrument,  were  the  introduaion  of  one  into  general  ufe  attempted.  iThis  obiervation  is, 
I  believe,  verified  by  the  flow  fale  of  the  patent,  and  alfo  of  the  new  improved  Aiding  rule, 
in  comparifon  of  that  of  the  common  one,  amongft  artificers,  who  cooftitute  the  mod 
numerous  clafs  of  purchafers.  I  have  been  informed  by  a  reputable  tradefman^  who  retails 
Aiding  rules  of  the  different  conftruftions,  that  for  every  patent,  or  new  improved  Aiding 
rule  that  is  purchafed,  more  than  twenty  of  Cogfliall's,  or  the  common  Aiding  rules,  are 

fold. 
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fold.  By  die  fame  prejudice^  probably,  any  new  method  of  working  by  the  old  rule^  though 
more  expeditions  and  equally  accurate*  would  be  reje£led  in  practice  if  fuch  metliod  wec^^ 
oiflFered  to  the  public.  But,  be  this  as  it  may,  I  think  the  confideration  that  the  probabOity 
is  but  fmall  of  any  particular  improvement  being  generally  adopted  in  pra^ice,  is  not  a 
fufiicient  reafon  why  that  improvement  fliould  be  withheld  from  the  public  eye,  whilfl: 
it  is  confidered  as  fuch*  There  are  always  individuals  whofe  minds  are  unfettered  by 
prejudice  *)  and  to  whom  any  hint  tending  to  produce  an  improvement  always  proves 
acceptable. 

The  logarithmic  line  of  numbers,  known  by  the  name  of  Gunter's  line,  ia  fo  well  un- 
derflood  by  every  one  who  is  acquainted  with  the  properties  of  logarithms,  as  to  render  any 
obfervation  on  the  conftru£lion  of  it  nnneceflary.  The  ufe  of  two  fuch  lines,  ufually  de« 
nominated  A  and  B,  wbrking  together  by  means  of  a  dired  Aider,  fuperfedes  the  appli- 
cation of  compaiTes,  and  is  taught  in  moft  praAical  books  of  arithmetic. 

There  is  however  another,  and  I  think  more  commodious  method  of  applying  the 
flider,  than  the  one  generally  praAifed  (except  in  working  direA  proportions),  which  I  have 
not  feen  explained,  nor  pra£tifed  by  any  perfon ;  and  which,  therefore,  I  fhall  beg  the 
flavour  of  you  to  communicate  to  the  public  through  the  medium  of  your  interefting 
Journal,  provided  you  deem  it  of  fufiicient  importance.  The  method  I  have  to  communi- 
cate lays  no  claim  to  fuperior  accuraey  when  compared  to  the  common  method,  the  powers 
of  the  inftrument  being  the  fame  in  both }  but,  befides  novelty,  I  truft  it  will  be  found  to 
have  facility  to  recommend  it. 

The  method  is  fimply  this :  Invert  the  Aider  B  on  any  common  Aiding  rule,  whereby 
the  numerical  figures  wilt  afcend  on  it,  and  on  the  fixed  line  A,  in  contrary  dire£liona  z 
now,  as  the  diftance  from  unity  to  any  multiplier,  on  Gunter's  line,  will  invariably  extend 
from  any  multiplicand  to  their  produ£);,  it  follows,  that  if  any  particular  number  on  the  m^ 
verted  Aider  B  be  placed  oppofite  to  any  other  given  number  on  A,  the  product  of  thofc 
numbers  will  ftand  on  the  Aider  B,  againft  unity  on  A  ;  for,  in  any  pofition  of  the  inverted 
jlider,  the  diftance  from  unity  to  the  multiplier  on  A,  inftead  of  being  carried  forward  oa 
B,  as  when  the  Aider^is  in  a  dire£l  pofition,  is  brought l>ack  thereby  to  unity  again ;  fo  that 
unity  (or  ten  on  fingle  lines  where  the  Aider  is  too  fhort  for  the  operation)  is  invariably  the 
index  for  the  produ£l  of  any  two  coincident  numbers  throughout  the  lines. 

In  divifion^  by  the  fame  procefs,  if  the  dividend  on  B  be  put  to  the  index,  or  unity  on  A^ 
the  divifion  and  quotient  will  coincide  on  the  two  oppofite  lines ;  fo  that  when  one  is  giveoy 
and  fought  for  on  either  line,  the  other  is  feen  on  its  oppofite  line  at  the  fame  time# 

^  This  prejudice  is  the  effe6t  of  habit,  and  can  feldom  be  eradicated  From  the  minds  of  fuch  individuals  at 
confider  the  ready  occurrence  of  a  propoiition  as  a  teft  of  its  truth.  To  eftabliih  a  tt^A  philofbphical  theoiy  fia3» 
in  every  inilance,  required  time  fufiicient  to  educate  an  entire  generation  of  men.  The  rejection  of  the  Ari« 
ilotelian  philofophy,  the  adoption  of  experimental  refearch,  the  fubftitation  of  the  doArine  of  graVI&tion  in* 
dead  of  that  of  vonices,  and  the  rcje^ion  of  phlogillon  by  our  contemporaries,  are  (ufficiently  iHuC^rative  ot 
this  aflertion.  New  pra£tices  are  ftill  more  difficult  to  be  introduced.  The  n^w  grammar,  the  new  nidiments 
of  fcience,  or  tho  new  indrument,  however  fuperior  to  the  old  in  fimplicity,  facility,  and  truth,  mud  be  lefs 
valuable  to  the  ordinary  teacher  or  artifan,  whofe  memory  is  familiarized  with  the  precepts  of  the  latter,  and 
.nwhofi;  onlv  ambition  is  to  earn  his  fubMcnf  e  with  the  leaft  poffible  exertion.    N. 
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The  next  operation  which  offers  itfelJF  here  is  reciprocal  proportion,  which  can  be  efleA'ed 
by  no  other  method  than  by  inverting  the  Aider,  but  which  is  rendered  as  cafy  by  this  ap- 
plication^  as  direft  proportion  is  in  the  common  way  ;  for  if  any  antecedent  number  on 
B  inverted  be  fet  to  its  confequent  on  A,  any  other  antecedent  on  B,  in  the  fame  pofition» 
will  (land  againft  its  confequent  on  A,  fo  as  that  the  terms  may  be  in  a  reciprocal  ratio. 
In  fquaring  any  number,  it  will  appear  from  what  has  been  already  fdd,  that  if  the  number 
to  be  fquared  b^  placed  on  B,  inverted  againft  the  fame  on  A,  the  fquare  will  ftand  on  B» 
againft  unity  on  A.  Therefore,  to  extraft  the  fquare  root  of  any  number,  let  that  number 
on  B  ftand  againft  unity  on  A ;  and  then  wherever  the  coincident  numbers  arc  both  of  the 
fame  value,  that  point  indicates  the  root.  If  two  dividing  lines  of  the  fame  value  do  not 
exaAly  coincide,  the  coincident  point  will  be  at  the  middle  of  the  fpace  contained  between 
thofe  two  which  are  neareft  a  coincidence  \  and  as  there  is  only  one  fuch  point,  there  can  be 
no  miftake  in  readily  afcertaining  it.  The  finding  of  a  mean  proportional  between  any . 
two  numbers  is  extremely  eafy  at  one  operation ;  for  if  one  of  the  numbers  on  B  inverted 
be  fet  to  the  otlier  on  A,  the  coincident 'point  of  two  fimilar  numbers  (hews  either  of  thofe. 
to  be  the  mean,  or  fquare  root  of  their  produ£b,  according  to  the  preceding  procefii.  Thus 
have  we  a  (hort  and  eafy  method  of  multiplying,  dividing,  working  reciprocal  proportion^ 
fquaring  and  extrafting  the  fquare  root,  at  one  pofition  of  the  inverted  Aider,  whereby 
the  eye  is  directed  to  only  one  point  of  view  for  the  refult,  after  the  Aider  is  fixed :  where* 
as,  by  the  common  method  of  extradling  the  fquare  root  by  A  and  B  direft,  the  Aider  re* 
quires  to  l^e  moved  backwards  and  forwards  by  adjuftmcnt,  the  eye  moving  alternately  ta 
two  points,  till  fimilar  numbers  ftand,  one  on  B  againft  unity  on  A,  and  the  other  on  A 
againft  the  fquare  number  on  B ;  which  fquare  number,  in  the  cafe  of  finding  a  mean  pro« 
portional,  muft  be  found  by  a  previous  operation.  Hence,  for  more  convenience  in  the 
cxtra^ion  of  roots,  and  meafuring  of  folids,  an  additional  line  called  D,  has  been  added 
to  the  rule,  which  renders  it  more  complex,  and  confequently  feldom  underftood  by  an 
artificer.  Upon  examining  the  patent  rule  with  a  graduated  piece  of  brafii,  to  be  attached 
to,  or  detached  from  the  Aide  at  pleafure ;  and  alfo  Mr.  Horton's  new  improved  role  with 
two  Aiders ;  I  perceive  that  the  method  of  multiplying  length,  breadth,  and  depth  into  one 
mnothier  at  one  pofition,  in  which  their  excellence  confifts,  is  nothing  more  than  a  com- 
bination of  the  two  methods  on  the  common  rule ;  for  the  produA  of  the  two  firft 
numbers,  eflfefted  by  means  of  an  inverted  and  a  dired  line,  forms  the  multiplier  to  be 
lifod  with^the  third  number,  by  a  third  dire£l  line,  at  the  fame  pofition  of  the  Aiders. 
Hence,  a  ganger's  rule  will  anfwer  the  fame  purpofe,  if  an  additional  Aider  be  held  in  a 
proper  fituation  inverted.  No  reafon,  however,  has  been  given  for  the  efied  of  this  procefs 
in  any  book  that  I  have  yet  feen,  nor  of  the  application  of  an  inverted  Aider  to  any  other 
fpecies  of  calculation  *• 

•  In  reply  to  the  obliging  poftfcript  of  the  author  of  this  paper,  I  have  only  to  remark,  that  the  apprc^ 
bation  of  the  intelligent  cultivators  of  fcicnce  is  the  moft  eftimable  reward  ef  ihy  endeavours  to  diffufe 
knowledge ;  and  that  inclinatioo,  as  well  as  dutya  will  induce  me  to  pay  every  attention  to  his  future  com* 
nunications.    N. 
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AhJIraSi  of  a  Memoir  entitled  *•  Enquiries  concerning  the  Nature  of  Prujftan  Blue^ 

By  Mr.  Proust*. 


I 


F  iron  were  fufceptible,  as  chemills  imagine,  of  uniting  with  oxygene  in  all  the  inter* 
mediate  "proportions  between  ^y^znA  ^V^t  which  appear  to  be  the  two  extreme  terms 
of  its  union  with  that  principle,  ought  it  not  to  afford,  with  any  given  acid,  as  many  dif- 
ferent combinations  as  it  is  fuppofed  capable  of  producing  oxides?  Why,  for  example^ 
does  not  this  metal,  which  afibrds,  with  the  fulphuric  acid,  a  fait  conftant  in  its  properties 
when  oxided  no  farther  than  v^,  exhibit  different  combinations,  equally  conflant  in  their 
»efpeftive  properties,  when  it  contains  -i\%,  //^,  or  -^  of  oxygene  ? 

A  great  number  of  faAs  prove,  on  the  contrary,  that  iron  does  not  reft  indiflferently  at 
all  the  different  degrees  of  oxidation  between  the  two  terms  abovementioned ;  and,  not- 
withftanding  the  different  degrees  of  oxygenation  through  which  iron  is  fuppofed  to  pafs 
when  its  fufphate  is  expofed  to  the  air,  we  are  acquainted  with  no  more  than  two  fulphates 
of  this  metal. 

The  firfl  is  the  green,  or  cryftallizAle  fulphate,  in  which  Lavoificr  has  proved  that  the 
Iron  contains  iV^  of  oxygene.  This  fait,  when  pure,  is  infoluble  in  fpirit  of  wine ;  its  io^ 
luti'on  in  wat^r  is  of  a  very  pale  fea  green  colour.  It  \%  not  altered  by  the  gallic  acid,  af- 
fords no  blue  with  alkaline  prufliates,  &c« 

The  fecond  kind  of  fulphate,  no  lefs  conftant  in  its  properties,  is  that  red  defiquefcent 
incryflallizable  combination  which  is  foluble  in  alkohol,  and  is  known  by  the  name  of 
txTother  water  of  vitriol ;  but  is  not  really  fuch,  unlefs  when  it  produces  no  alteration  inr 
the  oxygenated  mirriatic  acid ;  that  is  to  fay,  when  its  oxide  contains  ts%  of  oxygene. 

This  fulphate  is  eafily  obtained  by  treating  it  with  nitric  acid  until  its  fohition  no  longer 
difengages  nitrous  gas,  by  the  addition  of  a  new  quantity  of  acid. 

This  fulphate,  befides,  poflcffes  exclufively  the  property  of  forming  a  black  precipitate 
with  the  gallic*  acid,  and  of  afibrding  Fruffian  blue  with  the  alkaline  prufSates,  as  wilt 
hereafter  appear. 

Between  thefe  two  fulphates,  which  Mr.  Prouft  calls  the  green  fulphate  and  the  red  ful- 
phate, there  is  no  intermediate  point.  If  the  green  fulphates,  by  expoflire  to  the  conta£fc 
of  air,  afTume  a  colour  which  appears  to  belong  to  neither  of  thefe  fpecies,  it  may  be  de-> 
cidedly  fhown  that  they  are  fimply  a  mixture  of  the  two,  by  feparation  by  means  of  al- 
kohol. Each  fait  will  then  exhibit  all  its  diftin£tive  properties.  The  green  fulphate 
will  conflantly  produce  a  green  precipitate  with  the  cauflic  alkalis ;  which  precipitate 
will  foon  become  black  if  preferred  under  water  without  the  contact  of  the  air,  becaufc 
its  particles  continually  approach  each  other,  and  render  the  colour  more  and  more  ia«- 
tenfe. 

The  red  fulphate,  on  the  contrary,  will  afford,  with  the  fame  alkalis,  a  yellow  red  pr^* 

*  This  abftra£l  is  tranflated  A:ain  the  Annalcs  dc  Chimie  XXIII*  85,    The  editors  do  not  ikj  Avhere  the 

'.crigmal  is  to  be  found. 

cipitat^ 
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cipitatc,  which  Is  an  oxide,  incapable  of  attrafting  any  thing  from  the  air  of  the  atmofphere^ 
nor  from  the  oxygenated  muriatic  acid. 

This  oxide,  according  to  the  experiments  of  Mr.  Prouft,  contains  ^^^  ^^  o^ygcne,  and 
Is  capable  of  forming  the  bafis  of  a  feries  of  combinations,^  which  bear  the  fame  relatior^to 
-thofe  which  afford  the  black  oxide,  as  the  red  fulphate  of  iron  bears  to  the  green  fulphate. 

So  that  in  whatever  degree  of  alteration  an  ordinary  fulphate  may  be  examined,  it  will- 
b^  found  to  con(ift  merely  of  thefe  twa.falts,  mixed  in  different  propordons. 

Whence  it  follows,  that  a  fulphuric  or  muriatic  folution  of  this  metallic  fuURanceis. 
nothing  but  a  mixture  of  the  two  falts,  one  of  which  has  for  its  bafis  the  oxide  of  iron^ 
cpntaining  ^V^  of  ox Jgenc,  and  the  other  the   fame  oxide,  containing  ^^  of  oxygene. 
And  as  little  attention  has  hitherto  been  paid  to  the  diftinftire  properties  of  thefe  falts  ; 
efie£bs  have  frequently  been  attributed  to  the  one,  which  belong  exclulively  to  the  other. 

We  muft  therefore  diftinguiih  two  fulphates*  two  muriates,  two  arfeniatet)  two  pruCi' 
fiatesy  &c. :  the  latter  faits  more  particularly  conftitute  the  object  of  Mr.  Prouft's  Memoir. 

The  TFhlte  PruJJiate. 

IN  order  to  obtain  this  fait,  a  folution  of  the  perfe£ily  pure  green  fulphate  muft  be  taken 
tnd  mixed  with  a  well  fatiirated  folution  of  the  prufliate  of  pot-aih.  This  laft  folution,  if 
perfe£l,  affords  cryftals  of  a  beautiful  orange-yeUow  im  tetrahedral  pyramids^' truncated  near 
their  bafe. 

The  green  fulphate  of  iron  is  obtained  and  preferved  in  a  ftate  of  purity,  by  keeping  it 
in  a  well  clofed  veiTel  quite  full,  in  which  a  fmall  piece  of  iron  or  tin  is  put.  The  fame 
purpofe  is  anfwered  by  reducing  the  red  oxide,  which  may  exift  in  the  folution,  to  the  ftate 
of  black  oxide,  by  a  mixture  of  water  charged  with  fulphurated  hydrogene  gat.  This  fuU 
phate,  after  purification)  ought  npt  to  change  by  the  addition  of  the  gallic  acidi  In 
this  ftate,  its  colour  is  an  extremely  weak  (hade ,  of  fea-green.  The  green  eolour  does  hot 
appear,  unlefs  the  folution  be  in  conta£t  with  the  atmofpheric  air. 

After  having  poured  the  folution  of  the  prufliate  upon  the  fulphate  of  iron,  the  bottle  muft 
be  immediately  clofed.  A  plentiful  white  precipitate  immediately  falls  down,  which  foon 
afterwards  afTumes  a  green  tint,  occafioned  by  the  air  contained  in  the  bottle,  and  likewife 
by  another  caufe.  But  if  the  veifel  remain  clofed  this  fhade  does  not  become  deeper,  and 
light  alone  does  not  produce  any  change. 

It  is  advifable  to  pour  an  excefs  of  the  prufEate  upon  the  fulphate,  in  order  to  com- 
pletejthe  decompofition.  After  feveral  hours  re^)ofe,  this  pale  prufliate  is  covered  with  a 
yellow  liquor,  which  is  a  mixture  of  the  prufEate  and  the  fulphate  of  pot-afh.  This^  liquor 
retains  in  folution  a  fmall  quantity  of  white  prufliate,  which  acquires  a  blue  colour  by  aV 
forption  of  oxygene,  when  it  is  placed  in  conufl  with  the  atmofpheric  air.  By  this  union,  it 
becomes  infoluble,  and  falls  upon  that  which  is  at  the  bottom.  The  laft>mentioned  pre« 
cipiute  receiving  in  its  turn  the  imprefHon  of  the  atmofphere,  foon  becomes  blue  at  its  fur« 
face.  The  intenfity  of  colour  fuccefTively  increafes,  and  proceeds  downwards,  until  at 
length  the  white  prufTiate  becomes  converted  into  Pruflian  blue. 

The  aflion  of  the  oxygene  of  the  atmofphere,  in  thefe  circumftances,  is  ftill  more  con- 
firmed by  the  phenomena  which  are  iieen  when  the  white  prufBate  is  txpofed  to  the  action 
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.of  the  air  on  a  filter.    It  becomes  blue  by  abforbing  oxygene ;  and  the  colour  does  not  ac* 
quire  its  greateft  intenfity  until  the  oxide  of  iron  has  obtained  y*  ^  of  that  principle. 

Of  all  the  faline  combinations  of  iron,  there  is  none  of  which  the  bafis  becomes  faturated 
with  oxygene  fo  rapidly  as  the  prufliate.  The  carbonate  of  iron  is  not  to  be  compared 
with  it. 

The  falphuric  and  muriatic  acids  poured  on  the  white  prufliate  of  iron  occafion  no 
change.  The  oxygenated  muriatic  acid,  on  the  contrary,  enlivens  the  prufliate  in  an  inftant> 
^nd  lofcs,  its  odour.  'The  nitric  acid  like  wife  converts  it  to  blue,  but  more  flowly,  becaufe 
it  do^  not  abandon  its  oxygene  with  the  fame  facility  as  the  oxygenated  muriatic  acid. 

The  folution  of  fulphurated  hydrogene,  which  does  not  alter  the  green  fulphate,  as  has 
already  been  remarked,  has  likewife  no  adion  on  the  white  prufliate.  It  merely  reduces  to 
white  the  fmall  quantity  of  prufliate  which  had  become  blue  by  the  accefs  of  air ;  or,  in 
other  words,  it  deprives  it  of  that  portion  of  oxygene  which,  it  may  already  be  fecn,  con^. 
lUtutes  the  difl^erencc  between  the  white  and  the  blue  prufliates. 

It  may  perhaps  be  an  anticipation  of  the  faAs,  to  diftinguifli  that  prufliate  by  the  name 
of  white,,  which  in  llri£lnefs  is  fueh  only  at  the  moment  of  its  formation,  and  afterwards 
becomes  covered  with  a  greenifli  white ;   but  it  is  very  probable  that  it  acquires  this  fliade 
merely  from  the  air  contained  in  the  veflel,  and  in  the  liquids  made  ufe  of.  There  exifls  like-^ 
wife  anotjier  caufe  in  the  fmall  portion  of  red  oxide,  from  which  the  alkaline   and  even  the* 
calcajreous  prufliates  derive   their  yellow  colour.     This  oxide  becomes  converted  into  blue 
prufliate;  and  mixes  with  the  white  prufliate  at  the  moment  wherein  the  prufllc  acid^  being 
difengaged  from  the  alkalis,   is    at  liberty  to  unite  with  the  difl^erent  oxides  it  meets  with*- 
Thefe  oxides  are,  as  we  have  feenja  great  quantity  of  the  black  oxide  mixed  with  the  red 
oxide  of  the  alkaline  .prufliate.     It  muft  therefore  neceflarily  follow,  that  a  fmall  portion  of 
|he  blue  prufliate  will  be  mixed  with  a  great  quantity  of  the  white  pruflkte  ^  whence  tfaislaft 
acquires  its  greenifli  tinge. 

From  the  whole  of  thefe  fa£ls,  it  is  evident  that  the  oxide,  which  conflitutes  thcbafe  of* 
the  white  prufliate,  poflTeflTes  the  fame  degree  of  oxidation  as  when  it  formed  the  bafis^ 
of  the  green  fulphate.  This  oxide  in  cScSt  pafles  from  the  fulphate  to  the  white  pruf- 
liate, without  the  interference  of  any  caufe  which  can  either  increafe  or  diminifli  the  pro- 
portion of  oxygene.  Hence  it  follows,  that  fince^the  alkalis  feparate  the  oxide  of  the  green 
fulphate  of  a  graCf-green  colour,  they  ought  alfo  to  feparate  it  from  the  white  prufliate. 
Iinder  the  fame  tinge. 

This  in  fa£):  happens  at  the  inftant  when  the  cauftic  alkali,  or  ammoniac,  is  poured  on 
the  white  prufliate.  But  in  order  to  judge  better  of  the  fiiades,  it  is  advifable  to  ufe  thefe 
folutions  dilated  with  water.  The  green  oxide  is  not  completely  deprived  of  pruflic  acid 
till  after  the  repeated  application,  of  alkalis.  This  may  be  fliewn  by  t&king  up  the  green< 
oxide,  hif  an  acid  which  does  not  diflblve  the  white  undecompofed  prufliate. 

The  Blue  Pnrfftate. 

AiFTER  what  has  been  faid,  it  is  eafy  to  foretel  the  habitudes  of  the  nitrate,  and  all  the 
folutions  of  which  the  oxide  is  at  its  maximum  of  oxidation,  when  alkaline  prufliates  are 
applied.    Nq  interval  is  perceived  between  the  precipitation  and  the  mod  lively  blue.    The. 
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colour  18  perfefl  at  the  inftant  of  precipitation^  and  expofure  to  the  atmofphcre  adds  no-« 
thing  fo  its  intcnfity. 

Pruflian  blue  is,  in  a  word,  that  pruffiate,"  whofe  bafis  contains  tW  of  oxygenc.  It  is  the 
fame  with  refpcft  to  the  white  prufliate  as  the  red  fulphate  is  to  the  green.  -Thefe  two 
pruffiates  do  not  differ  with  regard  to  their  acid.  Their  diftiuflive  charafters  arife  from  the 
different  oxidation  of  their  bafcs , 

-  The  blue  prufliate  is  not  altered  by  acids.  The  oxygenated  muriatic  acid  changes  it,  by 
rendering  it  green,  at  the  fame  time  that  itfelf  undergoes  alteration,  as  Berthollet  has  difco- 
vered.  But  the  a£lion  of  this  de(lru£live  acid  is  exercifed  on  the  pruflic  acid,  and  not  on 
the  oxide,  which  can  receive  no  greater  dofe  of  oxygene  than  it  has  already  acquired  from 
the  nitric  acid,  the  air,  &c. 

The  acids  which  are  ufed  to  brighten  fuch  Pruffian  blues  as  arc  iraperfeft,  arc  of  no  other 
ufe  than  to  diffolve  the  great  quantity  of  carbonate  of  iron,  precipitated  by  the  pot-alh 
which  is  not  faturated  with  pruflic  acid,  and  fuper-abounds  in  ill-prepared  lixiviums.  If 
white  prufliate  were  to  cxift  in  fuch  precipitates,  it  would  be  in  no  refpc^  changed  by  the 
acid,  and  would  acquire  a  blue  colour  only  by  abforbing  from  the  atmofpheric  air  the  qiian« 
tity  of  oxygene  neceflary  for  that  purpofe. 

In  order  to  (hew  that  oxygene  is  the  principle  which  in  the  blue  pniffiate  of  iron  ^fiords 
the  di(lin£tive  colour,  nothing  more  is  neceflary  than  to  remark  the  colour  of  the  oxide 
when  precipitated  by  alkalis.  In  the  green  fulphate  the  precipitate  was  black ;  after  the 
precipitation  from  Pruflian  blue  it  is  red.  No  other  principle  but  oxygene  coald  hare  oc« 
cafioned  this  difference  in  thefe  oxides. 

Mr.  Proufl:  having  fpoken  indifferently  of  the  yellow  and  the  red  oxide  of  iron,  as  being 
completely  faturated  with  oxygene,  obferves,  that  he  nfes  thefe  expreffions  without  diftinc^ 
tion,  becaufe  a  nuniber  of  fa£is  have  convinced  him  that  there  is  no  difference  betweeil 
them.  Every  red  oxide,  fays  he,  when  diflfolved  in  any  acid  whatever,  is  precipitated  of  % 
yellow  colour  by  alkalis,  whether  pure  or  faturated  with  carbonic  acid.  This  laft  acid  oc* 
cafions  no  difference  in  the  precipitate,  becaufe  it  has  no  tendency  to  unite  with  iron  at  that 
degree  of  oxidation.  The  red  oxides  when  dried  are  brown,  obfcure  and  often  black,  accord* 
ing  to  the  degree  of  drynefs  or  denfity  they  may  have  acquired.  But  if  they  be  pounded  in  a 
mortar,  the  chara£leri(lic  colour  foon  appears.  It  is  afiirmed,  that  thefe  oxides  'have  the 
power  of  decOmpofing  ammoniac ;  but  our  author  kept  them  for  feveral  years  in  ammoniac^ 
without  obferving  that  they  were  in  any  refpe£t  changed.  He  had  no  better  fucceft  witl| 
lihe  oxide  of  manganefe  at  the  ordinary  temperature  of  the  air. 

The  folution  of  fulphurated  hydrogene  gas,  when  kept  in  a  Tcifel  with  the  blue  pmfl^te, 
\%  decompofed.  It  feizes  from  the  oxide  that  portion  of  oxygene  which  conftitotes  the  dif* 
ference  between  the  blue  and  the  white  prufliatcs;  and  the  prufliate  thus  rendered  white 
txhibits  the  fame  phenomena  with  alkalis,  as  if  k  had  been  obtained  immediately  from  die 
green  fulphate.  The  white  prufliate  kept  under  hepatic  water  undergoes  no  alteration;  in 
which  refped  it  refembles  the  green  fulphate.  Either  of  thefe  readily  yield  to  the  hydro- 
gene  diffolved  in  this  water  all  the  oxygene  they  poflefs,  exceeding  27  per  cent. 

The  fame  theory  explains,  why  the  red  fulphate  and  the  nitrate  of  iron  decompofe  ful- 
phurated hydrogene.  The  oxide  of  iron  burns  the  hydrogene,  the  fulphurisdepofited,  and 
the  Tupcrnatant  liquor,  inflead  of  afibrding  a  red  precipitate  by  alkalis,  exhibits  a  green. 

This 
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Tliiftiobimatioii  points  o«t  a  mediod  of  reftering  tjie  copperas  of  the  fliops  to  the  ftate  of 
green  (iilphate*    When  brown  depofitions  are  formedy  it  contains  copper*        • 

The  fdution  of  fulphantod  hydrofette  is  not  the  only  pradicable  means  to  redace  the 
blue  pruiEate  to  the  ftate  of  white  pruffiate.  The  requifite  abftra£bion  of  oxygene  15 
made  by  keeping  Pmilian  blue  with  water  and  plates  of  iron  or  tin  in  a  well  clofed  ?efleU 
By  this  treatment  it  acquires  all  the  properties  of  the  white,  pnifliate. 
.  The  diftribution  of  oxygene  between  a  metal  and  its  oxide  is  not  an  uncommon  fad  in 
demiilry.  By  keeping  a  red  fulphate  or  muriate  with  iron,  they  are  enabled  to  recover, 
their  firft  ftate.  Mercury  kept  in  a'folution  of  corrofiye  fublimate  becomes  changed,  as  does 
likewife  the  metallic  (alt  itfelf,  into  the  mild  muriate  of  calomel.  Mercury  undergoes  the 
fame  change  in  a  folution  of  the  red  muriate  of  iron,  but  is  not  aftefcd  in  a  folution  of  the 
green  muriate  of  the  fame  metal.  In  the  red  fulphate,  the  mercury  is  converted  into  that 
ki^d  of  fulpliate  which  does  not  become  yellow  by  the  affufion  of  water,  that  is  to  fay,  in 
whkh  the  oxide  is  at  its  minimum*  Many  other  fa£U  of  the  fame  kind  might  be 
mentioned* 

It  has  been  aflerted  in  this  paper,  that  the  oxygenated  muriatic  acid  does  not  aft  upon 
the  oxide  of  Pruflian  blue. .  The  following  affords  a  proof  of  the  truth  of  this  aflertion  : 
fiVL  the  known  red  oxides,  whether  natural  or  airtificial,  colcothar,  the    iron  ore  of 
£lba*|  undergo  no  alteration  in  this  acid ;  but  the  nadve  brown  oxides,  which  for  die  moft' 
part  are  mixtures  of  the  black  and  red  oxidest  are  afefted  by  fuch  treatment. 

It  is  found  by  means,  of  the  oxygenated  muriadc  acid,  that  the  oxides  of  diemtratet 
die  acetite  and  the  myriate  of  lead  are  not  at  their  maximum  of  pxidation.  '  All  thefe  falts» 
when  kept  beneath  this  apid,  are  decompofed.  A  brown  or  puce«coIoured  oxide  is  foon  de* 
poGted,  and  even  cryftallized  round  the  fides  of  die  veflels :  and  the  nitric  acid  no  longer 
zStz  upon  the  new  oxide.  In  proc^  of  time,  howeter,  that  add  aflumes  a.  fine  rofe  colour^ 
bubbles  of  air  rife  from  the  mixture  at  the  bottom^  and  at  length  the  nitrate  is  prodnced»  as 
foon  as  the  oxide^  condnually  fplicited  to  union  by  the  nitric  acid,  has  parted  with  the  dofo 
of  oxygene  whici)  oppofed  that  union. 

The  muriadc  acid  does  not  diflblve  fuper-oxygenated  lead  without  producing  at  the  fam^ 
dme  abundance  of  the  oxygenated  acid ;  but  in  order  to  procure  this  oxide  in  greater  quan- 
tity, it  is  only  neceflary  to  treat  the  minium  of  commerce  with  a  weak  nitric '  acid,  which 
feparates  13  or  14  per  cent,  of  brown  oxide,  difcovered,  as  is  well  known^  by  Scheele*  The. 
red  lead  of  Siberia  is  nothing  elfe,  as  Mr.  Maoquart  has  (hewn»  but  a  natural  fuper-oxida- 
tion  of  this  metal.  It  would  be  interefting  to  know,  whether  by  carrying  the  calcinadoa 
beyond  the  point  which  afibrds  minium,  it  might  not  be  poflible  to  render  the  oxide 
brown.  Such  a  procefs  might  perhaps  fupply  the  want  of  manganefe,  for  preparing  the 
oxygenated  muriatic  acid. 

Mr.  Frouft  defers  to  a  future  communication  an  account  of  the  nature  of  lead,  oxided  is 
a  lefs  degree  than  conftitutes  the  bafis  of  the  nitrate  of  this  metal.  ^  .: 

From  the  foregoing  faAs  Mr.  Frouft  draws  the  following  conclufions : 

The  oxide  which  alkalis  feparate  from  Pruflian  blue  is  red,  though  it  originally  was 
black  in  the  green  fulphate  which  afibrdcd  this  blue. 

*  The  ore  of  Elba  often  contains  fulphate  of  iron.  It  may  be  «xtnifted  by  treatment  with  nitric  acid,  and 
fubfequ^t  precipitation  with  ammomac  or  cauftic  pot-afh. 

Vot.  I.— Januart  1798.  3  N  The 
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The  whitt  t)ns(natfc  18  %  fait  which  is  irt%£l«ld^aftrn«irpheTic  a!r  iff  no  tkhet  manner  than 
the  green  fui{)hates,  muriates  and  carbonateft)  or^  in  a  word,  mdft'of  the  faline  combinations 
which  contain  iron  oxided  to  the  minimnm.  Thef€  tt  n6  lotfaer  dijftnmce  with  Tefpe£t  to 
their  fuper-oxidation,  but  the  greater  br  lefs  Xitut  th^fe  metallic  falts  demand;  for  ke  ob- 
iierved  that  the  muriates  and  phofphates  of  %hich  the  oxide  is  at  the  minimum  are  not  per- 
ceptibly altered  by  expofore  to  the  air. 

The  pruffiate  of  iron  is  not  the  only  combination  of  this  metal  which  owes  its  bliic 
colour  to  atmofpheric  oxygcne.  That  which  is  called  native  Pruffian  blue  is  merely 
the  phofphate  of  iron  oxided  to  a  certain  point.  Mr.  Prouft  intends  to  (hew  artificial  phof- 
phates which  are  grey,  blue,  and  white,  according  to  the  degree  of  oxidation.  Wc  are  at 
prefent  well  acquainted^  adds  the  author,  with  the  caufe  of  thofe  dull  greenifli  tinges  which 
frequently  appear  in  the  newly-made  pruf&ates.  It  often  happens  that  they  are  not  bright* 
ened  well  by  acids,  and  do  not  acquire  their  peculiar  lirely  colour  but  by  expofure  to  the  air. 
This  fa£i  is  well  known  to  manufaAurers^  who  accordingly  take  care  not  to  wafte  their 
acid  in  attempting  to  render  fuch  blues  perfefl* 

It  has  been  obfenred,  that  the  pure  green  fiilphate  does  not  afford  a  black  with  die  gallic 
acid.  This  is  very  true  of  it  at  the  firft  moment.  But  the  contaft  of  air  foon  colours  the 
mixture  at  its  furface.  A  few  drops  of  the  oxygenated  muridtic  acid  immediately  produce 
the  fame  tfftGt^  throughout  the  fluid.  "We  fee  therefore  that  iron  does  not  form  ink  with 
the  gallic  acid,  but  in  proportion  as  it  is  oxided.  This  bliack  colour  may  likewife  be  de« 
ftfoyed  by  including  the  black  mixture  in  a  bottle  with  a  certain  quantity' of  hepatic  water. 

From  thefe  fa£ls  it  alfo  very  ^idently  appears  why  it  is  the  eftabliflied  praftice  to  expofe 
fiuflls  to  the  air  after  the  black  dye  ;  and  why  ink  newly  made  and  pale  becomes  black 
irery  fpeedily  after  it  is  fpread  upon  paper,  &c.  For  in  all  theie  mixtures  the  fuU 
phate  of  commerce  is  ufed,  which  contains  little  of  the  red  fulphate,  and  much  of  the  green. 
When  the  gallic  atid  is  poured  into  folutions  of  the  fulphate  and  muriate,  containing  the  red 
calx  of  iron,  ink  is  inftantly  produced.  The  bafis  of  ink  and  of  every  black  dye  is  therefore 
merely  the  gallate  of  iron,  of  which  the  iron  is  oxided  to  the  maximum.  Laftly,  we  ctanot 
but  obferve  in  all  thefe  faAs  that  chemifts  have  hhherto  erred  with  refpeft  to  the  property  of 
the  ordinary  fulphate  of  iron  to  become  black  with  the  acid  of  galls,  to  afford  a  blue  with 
alkaline  pruffiate,  &c.  Thefe  properties  belong  exclufively  to  the  combinations  of  which  the 
^zide  trontains  V&V  ^^  oxygene,  and  not  -^  only.  I  (hall  conclude,  fays  Mr.  ^rouft^  by  4e- 
dncing  from  thefe  experiments  the  principle  I  have  e(lab1i](hed  at  the  commencement  of  this 
memoir;  namely,  that  iron,  like  many  other  metslls,  is  fubjefled  to  the  law  of  nature,  which 
ptefides  at  every  true  combination  ;  that  is  to  fay,  that  it  unites  with  two  conftant  propor* 
ttons  of  oxygene.  In  this  refpeft  it  does  not  differ  from  tin,  mercury,  lead,  and,  in  a  w'ordj 
almoft  every  known  combuftible.  He  intends  ihortly  to  explain  the  nature  of  that  kind 
of  oxide  which  refults  from  the  union  of  oxygene  with  carbonei  in  a  lefs  proportion  than 
is  required  to  conftitutc  the  carbonic  acid. . 
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VI. 

An  Accotmt  offimi  BpcpmriminU  to  determine  ths  Fora  ffFinJ  Gunpnvder.     By  Bekjajmi^ 

Count  o/RuA^FOxp,  F.  R.  S.  -if.  R.  I.  A.  ♦ 


Ai 


.FTER  obferving  that  no' human  inrcntion,  except  perhaps  the  art  of  printing,  appears 
to  hare  produced  fuch  important  changes  in  civil  fociety  as  the  invention  of  gunpowder; 
that  notwitbftanding  the  extenfiye  iifes  to  which  this  wonderful  agent  is  applied,  it  feeihs 
not  hitherto  to  have  been  examine4  with  the  attent  ion  it  merits,  and  that  probably  this  want 
of  invefiigation  may  have  arifeu  from  the  danger  attending  the  experiments  \  our  author 
proceeds  to  relate  his  own  experiments  and  obfervations* 

Several  eminent  philofophers  and  mathematicians  have^  from  time  to  time,  direded  their 
^ittention  to  this  fubje£l.  The  modem  improvements  in  chemiftry^have^reatly  elucidated 
the  caufe  and  circumftances  attending , the  exploGon  of  gunpowder.  But  the  great  defide* 
ratum,  namely,  the  real  meafure  of  the  initial  expanflve  force  of  dxis  agent,  has  not  yet  been 
determined.  RobinS|  from  his  experiments,  concluded  that  the  elaftic  force  of  the  fluid 
generated  in  the  combuftion  of  gunpowder^  is  one  thoufand  times  greater  than  the  meao 
preflure  of  the  atmofphere  ;  but  the  celebrated  Daniel  Bernouilli  determines  its  force  to  be 
not  le£s  than  ten  thoufand  times  the  fame  mean  prefliire..  Count  Roimford,  being  (Iruck  with 
the  great  difference  in  theCp  refuUs>  has  occaliopally,  for  many  years,  endeavoured  to  afcertaia 
the  truth  by  experifl^ent.  In  a  paper  printed  in  the  year  1 781J  in  the  Traqfaflions,  he  gavf 
an  account  of  «n  experiment|  Np.  92*  by  inrhic&  it  aj;)peare4  that,  calculating  even  upon  Mr. 
Robii^i'^  o^fVk  prij^ciplcj  the  force  of  gunpowder  pull  be  at  leaft  1308  times  greater  than 
ihe  o^ean  prefliire  jof  the  atmofph^grp  \  ^d  from  that,  and  many  other  experiments,  he  be- 
^aooe  convinced  tb;i^  it  iras  iweflTary  to  abapdoa  the  p^cthods  of  ^t  phf lofopher,  and  make 
pthers  with  a  very  diilerent  gppi^ratus.  | 

His  firft  attempts  were  to  fire  gunpowder  m  a.  confined  fpaqe,  thinking  that  when  he 
had  accompliflied  this  he  (hould  find  means  of  meafuring  its  elaftic  force  without  di/ScuIty. 
A  very  ilrong  ihort  guo-barrel  was  prepared,  and  attempts  made  to  fire  gunpowder  in  the 
fame,  by  means  of  a  fmall  vent,  provided  in  one  inftance  with  a  valve,  and  in  another  .expe« 
riment  lined  with  gold  to  prevent  corroGon.     Thefe  attempts  were  unfuccefsfi|l ;  the  force 
of  the  explofion  proving  CufEciently  great  to  ei]ilarge  the  bole^  and  fo  rapi^  jas  not  to  allow 
time  for  clofure  of  the  valve.    ,It  became  neceflaryj  therefore,  to  endeavour  to  £r.e  the  gun* 
powder  by  means  of  heat  conveyed  through  the  mafs  of  the  metal  itfelf.    This  was  fuccefs- 
f uUy  performed  in  a  barrel  of  the  beft  forged  iron^  3,45  inches  long,  the  diameter  of  its.  bore 
^ths  of  an  inch,  and  its  ends  dofed  up  by  two  fcrews,  each  one  inch  in  length,  which  wete 
firmly  and  immoveably  fixed  in  their  places  by  folder.    The  vacuity  between  them  in  (he 
barrel  was  confequently  1,4.5  ^"^^  ^"  length,  and  conftituted  the  chamber  of  the  piecet 
whofe  capacity  was  nearly  -^^thsof  a  cubic  inch.    The  thicknefs  of  the  metal  tvas  equal  t6 
the  bore  of  the  piece.     An  hole  0^37  of  an  inch  in  diameter  was  bored  through  both  fides 
of  the  barrel,  through  the  centre  of  the  chamber^  and  at  right  angles  to  its  axis.  Two  tube^ 
of  iron,  0,37  of  an  inch  in  diameter,  the  diameter  of  whofe  bore  was  ^^th  of  an  inch,  were 
firmly  fixed  in  thefe  boles  with  folder^  iu  fjiich  a  manner,  that,  while  their  internal  opening^ 

'*  Abridged  from  the  PhUofbpWcai  Tranfaftiont  for  1797,  f,  222. 
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were  cxa>flly  oppofKe  to  each  other,  and  on  oppolite  tides  of  the  chamber,  the  aitei  of  their 
bores  wc^e  in  the  fame  right  line-  Thq  Qiorteft  of  thcfc  tubes,  which  projected  1,3  inch 
beyond  the  external  furf  jce  of  the  barrel,  was  clofed  at  its  projefling  end ;  or  rather  it  wm 
not  bored  quite  through  its  whole  length,  r'aths  of  an  inch  of  folid  metal  being  left  at  its  end, 
which  was  rounded  oiF  in  the  form  of  a  blunt  point.  The  longer  tube,  which  projedlei 
a. 7  inches  beyond  the  furface  of  the  barrel  on  the  other  fide,  and  which  fervcd  for  intro- 
ducing the  powder  into  the  chamber,  was  open  ;  but  it  could  occafionally  be  clofed  by  % 
ftrong  fcrew  furnifhed  with  a  collar  of  oiled  leather  which  was  provided  for  that  purpofe* 
1  he  method  of  making  ufc  of  this  indrument  was  as  follows:  The  barrel  being  laid  down » 
or  held  in  a  horizontal  pofition  with  the  long  tube  upwards,  the  charge,  which  was  of  thfr 
very  beft  fine-grained  glazed  powder,  was  poured  through  this  tube  into  the  chamber.  In 
doing  this,  care  muft  be  taken  that  the  cavity  of  the  ihort  tube  be  completely  filled  with 
powder  ;  and  this  can  beft  be  done  by  pouring  in  only  a  fmall  quantity  of  powder  at  firlt> 
and  then,  by  flriking  the  barrel  with  a  hammer,  caufe  the  powder  to  defcend  into  the  fliort 
tube.  When,  by  introducing  a  ptiraing-wire  through  the  long  tube,  it  is  found  that  the  Dioit 
tube  is  full,  it  ought  to  be  gently  prcflcd  togetlicr,  or  rammed  down  by  means  of  the  prim- 
ing-wire, in  order  to  prevent  its  falling  back  into  the  chamber,  upon  moving  the  barrel  out 
of  the  horizontal  pofition.  The  fliort  tube  being  properly  filled,  the  reft  of  th^charga 
may  be  introduced  into  the  chamber,  and  the  end  of  the  long  tube  clofed  up  by  its  fcrew. 

More  ciFcftually  to  prevent  the  elaftic  fluid  generated  in  the  combudion  of  the  charge 
from  finding  a  paflagc  to  efcapc  by  this  opening  after  the  charge  was  introduced  into  the 
chamber,  the  cavity  of  the  long  tube  was  filled  up  with  cold  tallow,  and  the  fcrew  that 
clofed  up  its  end  (which  was  \  an  inch  long,  and  a  little  more  than  ^th  of  an  inch  in  dia- 
meter) was  prelfed  down  againll  its  leather  collar  with  the  utmoit  force.  The  manner  of 
fetting  fire  to  (he  charge  was  as  follows  :  A  block  of  wrought  iron,  about  if  inch  fquare^ 
with  a  hole  in  it  capable  of  receiving  nearly  tlie  whole  of  that  part  of  the  ftiort  tube  which 
proje£ls  beyond  the  barrel,  being  heated  red  hot,  the  end  of  the  (hort  tube  was  introduced  ' 
into  this  hole,  where  it  was  fulfcred  to  remain  till  the  heat,  having  penetrated  the  tube,  fcC 
fire  to  the  powder  it  contained,  and  the  inflammation  was  from  thence  communicated  to  the 
powder  in  the  chamber. 

The  refult  of  this  experiment  fully  anfwcred  the  expectation  of  the  author.  The  genen. 
rated  elaflic  fluid  was  fo  completely  confined  that  no  part  could  make  its  efcapc.  The  report 
of  the  eTplofion  was  fo  very  feeble  as  fcarcely  to  be  beard.  It  certainly  could  not  have  beea 
heard  at  the  dillance  of  20  paces.  It  refembled  the  noife  occafioned  by  breaking  a  very  I 
fmall  glafs  tube-  The  quantity  of  powder  made  ufe  of  in  this  experiment  was  not  more 
,than  i-8th  of  what  the  chamber  was  capable  of  containing. 

The  Dcxt  attempt  was  to  meafure  the  force  of  the  clattic  vapour  thus  confined.  A  hole 
vas  bored  in  the  axis  of  one  of  the  fcrews,  or  breech  pins,  which  clofed  up  the  end  of  the 
baTKljuft  dcfcribcd,  andapidon  of  hardened  fteel  was  fitted  into  this  hole,  which  was  -i^ths 
of  an  inch  in  diameter.  The  end  of  the  pifton,  which  projefled  beyond  the  end  of  the  , 
barret]  was  then  caufed  to  a£t  upon  a  heavy  weight,  fufpcnded  as  a  pendulum  to  a  long  iron 
rod.  It  was  hoped  that  a  deduflion  of  the  preflurc  of  the  elaftic  vapour  might  be  made 
irom  the  length  of  the  arc  defcribed  by  this  pendulum  \  but  the  experiment  was  not  found 
10  aafwer,  though  vatiouj  altciaiioQS  and  improvemenu  were  made  in  the  apparatus  before 
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the  metbod.wat  abandoned*  It  was  found  almoft  impoflible  to  prevent  die  efcape  of  the 
elaftic  fluid  by  the  fides  of  the  pifton;  and  the  refults  of  apparently  fioular  experiments  were 
exceedingly  difierent,  and  to  uncertaiOf  that  the  Count  was  often  at  a  lofs  to  conjedure  the 
reafons  of  thefe  extraordinary  variations. 

In  order  to  elucidate  thefe  in  a  difcurfive  ways  the  Count  proceeds  to  remark,  that  Mr* 
Robins's  two  aflumed  pofitionSf  namely^  that  the  operation  of  gun-powder  is  performed  by 
the  rarefa£lioo  of  a  permanently  elaftic  fluids  and  that  the  whole  of  any  charge  is  fet  on 
fire  before  the  ball  is  fenfibly  moved  from  its  plaoey  are  not  to  be^  admitted.  On  the  con* 
trary,  from  his  oiVtrexperimenUi  the  Count  isdifpofed  to  refer  the  prodigious  expanfion  of 
fired  gun-powder  to  the  aAion  of  water  in  the  ftate  of  fteam  at  a  very  elevated  temperature; 
and  he  (hews  by  various  obfervations»  fev^al  of  which  muft  be  familiar  to  every  one  who 
is  habituated  to  ufe  this  agents  that  the  acoenfion  of  gun-powder  is  fo  far  from  being  per« 
formed  in  an  extremely  minute  portion  of  time,  that  it  is  in  every  inftance  gradual  and 
progreffive.  But  having  found  it  impoffible  to.  meafure  ■  the  elaftic  force  of  fired  gun- 
powder with  any  degree  of  precifion  by  the  methods  alr^y  mentioned,  be  totally  changed 
his  plan  of  operations,  and,  inftead  of  endeavouring  to  determine  its  force  by  caiifing  the 
generated  elaftic  fluid  to  tuSt  upon  a  moveable  body  through  a  determinate  fpace,  he  con« 
frived'an  apparatus  in  which  this  fluid  was  made  to  a£k  by  a  determinate  furface  againft  a 
weight,  which  being  increafed  at  pleafure  fltould  at  laft  be  fuch  as  would  be  juft  able  to 
confine  it,  and  in  thsit  cafe  would  juft  counterbalance!  and  confequcntly  meafure  its  ehftic 
force. 

A  foUd  block  of  very  hard  ftone,  four  feet  four  inches  fquare>  was  placed  upon  a  bed  of 
fdid  mafonry,  which  defcended  ^x  feet  below  the  furface  of  the  earth*    Upon  this  block  of 
flone^  which  ferved  as  a  bofe  to  the  whole  machinery»  wasplaced  the  barrel  in  which  the 
expkifions  were  made*    It  was  made  of  hammered  iron  2,78  inches  long,  and  2,82  inches 
^in  diameter  at  its  lower  extremity,  which  was  flat  in  order  to  reft  upon  its  fupporter.    Its 
bore  was  one  quarter  of  an  inch  in  diameter,  2»i3  inches  long,  meafured  from  the  upper  fur* 
face  of  the  barrel,  and  it  ended  in  a  very  narrow  opening  betow,  not  mpre  than  0^7  of  an 
inch  in  diameter,  and  1)7 15  inch  long,  which  formed  the  vent  or  paflage  by  which  the  fire  is 
communicated  to  the  charge.  This  paflage,  however,  was  not  open  below,  but  terminated  in 
a  proje£kion  from  the  centre  of  the  bottom  of  the  barrel  about  0,45  of  an  inch  in  diameter^ 
and  1,3  inch  long,  which  formed  the  vent  tube  clofed  below*    When  this  barrel  is  placed 
upon  its  ftand,  which  ^  is  of  gun  metal,  the  vent  tube  pafles,  through  a  hole>  into  a 
ciavity  in  the  ftand  which  has  a  lateral  opening.    Into  this  lateral  opening  a  ball  of  red  hot 
iron  is  introduced,  having  a  proper  cavity  wichin  for  the  reception  of  the  vent  tube,  which 
it  fpeedily  ignites,  and  fets  fire  to  the  powder  through  the  folid  fubftance  of  the  tube  itielf. 
The  opening  of  the  bore  of  the  barrel,  which  is  placed  m  the  vextical  pofidon  when  in  ufe, 
is  clofed  by  a  folid  hemifphere  of  hardened  fteel,  whofe  diameter  was  1,16  inch,  its  plain 
fide  being  downwards,    k  is  confiifed  laterally  by  three  upright  cylindrical  pins,  which 
allow  it  to  rife  only  in  the  vertical  direction.    Upon  thiS;  hemifphere  is  placed  the  weight 
snade  ufe  of  for  confining  the  elaftic  fluid  generated  from  the  powder  in  ixs  combuftion. 
This  weight,which  in  fome  of  the  experiments  was  a  heavy  twenty-four  pounder  placed  ver- 
tically upon  its  cafcabdi  being  fixed  to  certain  timbers,  was  capable  0$  Aiding  up  and  down 
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in 'a  vertical  frame,  and  could  be  ralfed  and  lowered  in  the  interrals  between  the  experi- 
ments by  a  ftrong  lever. 

The  end  of  the  barrel  was  covered  with  gold^  lil  drder  to  prevent  as  much  as  poffible  its 
being  corroded  by  the  elaftic  vapour,  which,  when  the  weight  is  not  heavy  enough  to  con- 
fine it,  efcapes  between  the  end  of  the  barrel  and  the  flat  furface  of  the  hemifphere ;  but 
even  this  precaution  was  not  found  to  be  fuiScient  to  defend  the  apparatus  from  injury, 
'llie  (harp  edge  of  the  barrel,  at  the  mouth  of  the  bore,  was  worn  Away  almoft  imme^ 
diately }  and  the  flat  furface  of  the  hemifphere,  notwithftanding  it  was  of  hardened 
fteel,  and  very  highly  poli(hed,  was  fenfibly  corroded.     The  corrofion  of  the  mouth  of  the 
bore,  by  which  the  dimenfions  of  the  furface,  upon  which  the  generated  elaftic  fluid  aded, 
were  rendered  very  uncertain,  would  alone  have  been  fufficient  to  have  rendered  all  the 
Count's  attempts  to  determine  the  force  of  fired  gun -powder  abortive,  had  he  not  found 
means  to  remedy  the  evil.  The  method  he  purfued  fqr  this  purpofe  was  as  fallows:  Hav»- 
ing  provided  fome  pieces  of  ve^  good,  coiiipa^  fole-leather,  he  caufed  them  to  be  beaten 
upon  an  anvil  with  a  lieavy  hamme/,  to  render  them  ftill  more  compa£t  (  and  then,  by 
means  of  a  machine  made  for  that  purpofe,  cylindrical  iloppers  of  the  fame  diameter  pre* 
cifely  as  the  bore  of  the  barrel,  and  0,13  of  an  inch  In  length,  (that  is  to  fay,  die  diickr 
'  sefs  of  the  leather)  were  formed  of  it ;  imd  one  of  thefe  ftoppet^,  which  had  previoufly  been ' 
greafed  with  tallow,  being  put  into  the  mouth  of  die  piece  after  the  powder  had  been  in- 
troduced, and  being  forced  into  the  bore  dll  it*  upper  end  coincided  with  the  end  of  the 
barrel,  upon  the  exploflon  taking  place,  this  Hopper  (being  preflled  on  the  one  fide  by  the 
generated  elaftic  fluid,  and  on  the  other  by  the  hemifphere  loaded  with  the  whole  weight 
employed  to  confine  the  powder)  fo  completely  doled  the  bore,  that  when  the  force  of  l&e 
powder  was  not  fufficient  to  raife  the  vt^etght  to  fuch  a  height  that  the  ftopper  was  aftuaity 
blown  out  of  tlie  piece,  not  a  particle  of  the  elaftic  fluid  cotdd  make  its  efcape*     And  in 
diofe  cafes  in  which  the  weight  was  ad^ually  raifed,  and  the  generated  elaftic  fluid  madeita 
.   efcape,  as  it  did  not  corrode  the  barrel  in  any  odier  part  b«t  juft  at  the  very  extremity  of  die 
bore ;  the  experiment  by  which  t}ic  weight  was  afcertained,  which  was  juft  able  to  counter- 
balance the  preflure  of  the  generated  ehftic  fluid,  was  in  no  wife  vitiated  either  by  die  in- 
creafed  diameter  of  the  bore  at  its  extremity,  or  by  any  corrofion  of  the  hemifphere  itfielf  9 
for  as  long  as  the  bore  retained  its  form  and  its  dimenfions  in  that  part  to  which  the  eflbrts 
of  the  elaftic  fluid  were  confined,  that  is,  in  that  part  of  the  bore  immediately  in  contad  wkh 
the  lower  part  of  the  ftopper,  the  experiment  could  not  be  afie6led  by  any  imperfcAion  of 
die  bore  either  above  or  bdow. 

The  powder  made  ufe  of  in  thefe  experiments  was  of  the  beft  quality,  being  that  Jcind 
cJ&cd  poudre  de  chajfe  by  the  French,  and  very  fine  grained,  and  it  was  all  taken  from  the 
fame  parcel.  Care  was  taken  to  dry  it  very  thoroughly,  and  the  air  of  the  room  in  which  it 
was  weighed  out  for  ufe  was  very  dry.  The  weights  emplbyed  for  weighing  the  powder 
were  German  apothecary  grains,  104,6  of  which  make  lOO  grains  troy.  The  weights  em- 
ployed to  confine  the  elaftic  vaptiur  generated  in  the  combuftion  of  the  powder,  arc  reduced 
from  Bavarian  pounds,  in  which  they  were  originally  exprefled,  to  pounds  avoirdupois*  The 
meafures  of  length  were  all  taken  in  Englifli  feet  and  inches.  The  experiments  were  all 
made  in  the  open  air,  in  the  court-yard  of  the  arfenal  at  Munich,  aod  chey  were  all  made  in 
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fair  weatheri  and  between  the  hours  of  nine  and  twelve  in  the  forenoon,  and  two  and  five 
!n  the  afternoon ;  but  the  barrel  was  always  charged,  and  the  extremity  of  the  bore  clofed 
by  its  leather  ftopper  in  the  room  where  the  powder  was  weighed.  In  placing  the  barrel 
upon  the  block  of  ftone>  great  care  was  taken  to  put  it  exaflly  under  the  centre  of  gravity 
of  the  weight  employed  to  confine  the  generated  elaflic  vapour.  Upon  applying  the  red- 
hot  ball  to  the  vent  tube,  and  fixing  ic  in  its  place  by  its  lever,  which  fupported  it,  the  explo- 
Tion  very  foon  followed. 

When  the  force  of  the  generated  elaftic  vapour  was  fufficient  to  raife  the  weight,  the  ex- 
plofion  was  attended  by  a  very  (harp  and  furprifingly  loud  report  \  but  when,  the  weight  was 
not  raifed,  as  alfo  when  it  was  only  a  little  moved,  but  not  fufficientiy  to  permit  the  leather 
ftopper  to  be  driven  quite  out  of  the  bore,  and  the  elaftic  fluid  to  make  its  efcape,  the  report 
was  fcarcely  auclible  at  the  diftancc  of  a  few  paces,  and  did  not  at  all  refemble  the.  report 
which  commonly  attends  the  explofion  of  gunpowder.  It  was  more  like  the  noife  which 
attends  the  breaking  of  a  fmall  glafs  tube,  than  any  thing  elfe  to  which  it'could  be  compared: 
In  many  of  the  experiments  in  which  the  elaftic  vapour  was  confined, 'this  feeble  report  at- 
tending the  explofion  of  the  powder  was  immediately  followed  by  another  noife  totally  dif- 
ferent from  it,  which  appeared  to  be  occafioned  by  the  falling  back  of  the  weight  upon  the 
end  of  the  barrel  after  it  had  been  a  little  raifed,  but  not  fufEciently  to  permit  the  leather 
ftopper  to  be  driven  quite  out  of  the  bore.  In  fome  of  thefe  experiments  a  very  fmall  part 
ohTy  of  the  generated  elaftic  fluid  made  its  efcape ;  in  thefe  cafes  the  report  was  of  a  pe- 
culiar kind ;  and  though  perfeAly  audible  at' fome  confiderabte  diftance,  yet  not  at  all  refem- 
bling  the  report  of  a  mufket.  It  was  rather  a  very  ftrong  fudden  hiifing,  than  a  clear, 
d!ftin£^j  and  fliarp  report. 

'  Though  it  could  be  determined  with  the  utmoft  certainty  by  the  report  of  the  explofion^ 
whether  any  part  of  the  generated  elaftic  fluid  had  made  its  efcape  ;  yet  for  ftill  greater  pre- 
caution, a  light  collar  of  very  clean  cotton  wool  was  placed  round  the  edge  of  the  fteel 
hemifphere,  where  it  repofed  upon  the  end  of  the  barrel,  which  could  not  fail  to  indicate,  by 
the  black  colour  it  acquired,  the  efcape  of  the  elaftic  fluid,  whenever  it  was  ftrong  enough 
to  raife  the  weight  by  which  it  was  confined,  fufficiently  to  force  its  way  out  of  the 
barrel. 

Though  the  end  of  the  barrel  at  the  mouth  of  the  bore  was  covered  with  a  circular  plate 
of  gold,  in  order  the  better  to  defend  the  mouth  of  the  bore  againft  the  eflTeds  of  the  corro- 
five  vapour  \  yet,  this  plate  being  damaged  in  the  courfe  of  the  experiments  (a  piece  of  it 
being  blown  away)i  the  remainder  of  it  was  removed,  and  it  was  never  after  thought  ne« 
ceflUry  to  replace  it  by  another.  When  this  plate  of  gold  was  taken  away,  the  length  of  the 
barrel  was  of  courfe  diminifhed  as  much  as  the  thicknefs  of  this  plate  amounted  to,  which 
was  about  ^^^th  part  of  an  inch ;  but  in  order  that  even  this  (mail  diminution  of  the  length 
of  the  barrel  might  have  no  cfFeft  on  the  refults  of  the  experiments,  its  bore  was  deepened 
^^th  of  an  inch  when  this  plate  was  removed,  fo  that  the  capacity  of  the  bore  remained  the 
fame  as  before. 

After  making  ufe  of  a  great  variety  of  expedients,  the  beft  and  moft  convenient  method 
iof  clofing  the  end  of  the  bore,  and  defending  the  flat  furface  of  the  fteel  hemifphere  fron* 
the  corroding  vapours,  was  found  to  be  this  :  Firft,  to  cover  the  end  of  the  bore  with  a 
circular  plate  of  thin  oiled  leather  \  then  to  lay  upon  this  a  very  thin  circular  plate  of 
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hammered  I>ra(S|  and  upon  this  brafg  plate  the  flat  furface  of  the  hemifphere*  Whcii 
the  claftic  fluid  made  its  efcape,  a  part  of  the  leather  was  couftantly  found  to  have  been 
torn  away,  but  never  in  more  places  than  one  ;  that  is  to  fay>  always  on  one  fide  only. 

What  was  Very  remarkabiej  in  all  thofe  experiments  in'  which  the  generated  elaftic  va-* 
pour  was  completely  confined,  was  the  fmall  degree  of  expanfive  force  which  this  vapour 
appeared  to  poflfefs  after  it  had  been  fuffered  to  remain  a  few  minutes,  or  even  only  a  f^w 
feconds,  confined  in  the  barrel  \  for  upon  raifing  the  weight  by  means  of  its  lever,  and  fuf- 
feYing  this  vapour  to  efcape,  inftead  of  efcaping  with  a  loud  report,  it  ru(hed  out  with  a 
liifling  npife,  hardly  fo  loud  or  fo  (harp  as  the  report  of  a  common  air-gun  j  and  its  efFed^ 
againft  the  leathern  ftopper,  by  which  it  aflifted  in  raifing  the  weight,  were  fo  very  feeble  as 
not  to  be  fenfible.  Upon  examining  the  barrel,  h6wever,  this  diminution  of  the  force  of  thq 
generated  elaftic  fluid  was  eafily  ex|dained }  for  what  the  Count  thinks  was  undoubtedly  in 
the  moment  of  the  explofion  in  the  form  of  an  elaftic  fluid,  was  now  found  transformed  into  % 
iblid  jbody  as  hard  as  a  ftooe.  It' may  eafily  be  imagitied  how  much  this  unexpe£ted  appear* 
ance  excited  his  curiofity  \  but,  intent  on  the  profecution  of  the  main  defign  of  thefe  experi** 
ments,the  afcertainis^  the  force  of  fired  gun-powder,  he  was  determined  not  to  permit  him- 
felf  to  be  enticedaway  from  it  by  any  extraordinary  or  unexpe£led  appearances  or  accidental 
difeoveries,  however  alluring  they  might  be  \  and  faithful  to  this  refolution,  he  poftponed  tfap 
examination  of  this  curious  phenonienon  to  a  future  period,  and  fince  that  time  he  has  not 
found  leifure  to  engage  in  it.  He  thinks  it  right,  however,  to  mention  fuch  curfory  obfer- 
.vations  as  he  was  able  in  the  midft  of  hss  other  purfuits  to  make  upon  this  fubjeft. 

This  matter  was  very  hard^  and  fo  firmly  attached  to  the  infide  of  the  barrel^  and  parti* 
eularly  to  the  infide  of  the  upper  part  of  tlie  vent  tube,  that  it  was  always  neceflSury,  ia  order 
to  remove  it,  to  make  ufe  of  a  drill,  and  frequently  to  apply  a  confiderable  degree  of  force. 
It  was  of  a  black  colour,  or  rather  of  a  dirty  grey,  which  changed  to  black  upon  being  ex* 
pofed  to  Hyt  air,  had  a  pungent  acrid  alkaline  tafte,  and  fmelt  like  liver  of  fulphttr.  It  at* 
txwEttA  moifture  from  the  air  with  great  avidity.  Being  moiftened  with  water,  and  fpirit 
of  nitre  being  poured  upon  it,  a  ftrong  efiervefcence  enfued,  attended  with  a  very  oflS^nfive 
and  penetrating  fmell.  Nearly  the  whole  quantity  of  matter  of  which  the  powder  was 
compofed  feemed  to  have  been  transformed  into  this  fubftance  * ;  for  the  quantity  of  elaftic 
fluid  which  efcaped  upon  removing  the  weight  was  very  inconCderable.  But  this  fubftance 
was  no  longer  gun-powder ;  it  was  not  even  inflammable. 

What  change  had  it  undergone  ?  demands  our  author, — What  could  it  have  loft  ?  It  i^ 
very  certain  the  barrel  was  confiderably  heated  in  thefe  experiments.  Was  this  occafionedi 
by  the  caloric,  difengaged  from  the  powder  in  its  combuftion,  making  its  efcape  through  the 
iron  ?  And  is  this  a  proof  of  the  exiftence  of  caloric  confidered  as  a  fluid yi/i  generis  i  and 
that  it  a£lually  enters  into  the  compofition  of  inflammable  bodies,  or  of  pure  air,  and  is  ne* 
ceflary.  to  their  combuftion  ?  He  dares  not  take  upon  him  to  decide  upon  fuch  important 
queftions.  He  once  thought  that  the  heat  acquired  by  a  piece  of  ordnance  in  being  fired 
arofe  from  the  vibration  or  fridion  of  its  parts-,  occafioned  by  the  violent  blow  it  received  in 

*  It  is  much  to  be  regretted  that  no  cxperixacnt  was  roade  of  the  weight  of  this  fubftance  f^r'ffd  by  ^ 
given  weight  of  gunpowder*     N. 
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e  eSTfUotion  of  the  powder,  but  acknowledges  fairly  that  it  docs  not  (ccffl  to  be  poflible  to 
:  in  a  fatisfaftory  manner  for  the  very  confiderable  degree  of  heat  which  tlie  barrel 
■C<juiTed  ill  thcfc  citpenments,  merely  on  that  fuppclition. 

That  this  hard  fubftance  found  in  the  barrel,  after  an  experiment  in  which  the  generated 

tladic  vapour  had  be<:n  completely  confined,  was  actually  in  a  fluid  or  elallic  (late  in  the 

I    moment  of  the  explolion,  is  evident,  as  he  thinks,  from  hence;  that  in  all  thofe  cafes  in  which 

Ac  weight  was  raifed,  and  the  ftoppcr  blown  out  of  the  bore,  »othiiig  was  found  remainiog 

I  In  the  barrel.     It  was  very  remarkable,  that  this  hard  fubdance  was  not  found  diltiibuted 

About  in  all  parts  of  the  barrel  indifferently,  but  (here  was  always  found  to  be  more  of  it  near 

I  ^e  middle  of  the  length  of  the  bore  than  at  cither  of  its  extremities,  and  the  upper  part  of 

I  ^le  vent  tube  in  particular  was  always  found  quite  filled  with  it.     It  Ihould  fecm  thercforct 

'  "Ays  he,  that  it  attached  itfelf  to  thofe  parts  of  the  barrel  which  were  fooncft  cooled ;  and 

tence  the  reafon,  raoft  probably,  why  none  of  it  was  ever  found  in  the  lower  part  of  the  VCM- 

tubc,  where  it  was  kept  hot  by  the  red-hot  ball  by  which  the  powder  was  fet  on  Iitc. 

He  found  by  a  particular  experiment,  that  the  gunpowder  made  ufe  of,  when  it  was  wdl 
fhakcn  together,  occupied  rather  Icfs  fpace  in  any  given  meafure  than  the  fame  weight  of  wa- 
ter \  confequently  when  gunpowder  is  tired  in  a  confined  fpace  which  it  fills,  the  denlity  of 
the  generated  elaflic  fluid  mult  be  at  leall  equal  to  the  denlity  of  water.  The  real  fpecific 
'gravity  of  the  folid  grains  of  gunpowder,  determined  by  weighing  them  in  air  and  water,  it 
CO  the  fpecific  gravity  of  water  as  1,868  to  1000.  But  if  a  meafure  whofc  capacity  is  one 
'cubic  foot  hold  1000  ounces  of  water,  the  fame  meafure  will  hold  jad  1077  ouikcb  of  fine> 
'  pained  gunpowder,  fuch  as  was  ufcd  in  thefe  experiments,  that  is  to  fay,  when  it  is  weQ 
I  'Ibaken  together.  When  it  was  moderately  (haken,  together  its  weight  was  exa£lly  equal  U 
*<hat  of  an  equal  volume,  or  rather  meafure,  of  water.  But  it  is  evident  that  the  weight  of  anj  ■ 
'given  meafure  of  gunpowder  muft  depend  much  upon  the  forms  and  fizes  of  its  grains. 
|lc  adds  one  obfervatioa  more  relative  to  the  particular  appearances  which  attended  the  ex- 
^riments,  in  which  the  elallic  vapour,  generated  in  the  combuftion  of  gunpowder,  was  con- 
£ned,  and  that  is  with  regard  to  a  curious  elFcfl  produced  upon  the  inferior  flat  furfacc  of 
,  <the  leathern  ftopper  where  it  was  in  conIa£t  with  the  generated  elallic  vapour.  Upon  rc- 
■noviog  the  ftopper,  its  lower  flat  furface  appeared  entirely  covered  with  an  extremely  white 
'  powder,  refembling  very  light  white  afhes,  but  which  almoft  inftantaneouUy  changed  to  the 
noft  perfe£l  black  colour  upon  being  expofed  to  the  air. 

The  fudden  change  of  colour  in  this  fub&ancc,  upon  its  being  expofed  to  the  air,  led  him, 
to  fufpe£t  that  the  fdid  matter  found  in  the  barrel  was  mot  originally  black,  but  that  it  be- 
came black  merely  in  confequence  of  its  being  expofed  to  the  air.  The  dirty  grey  colour  it 
appeared  to  have,  immediately  on  being  drilled  out  of  the  cavity  of  the  bore  where  it  had 
Exed  itfelf,  feems  to  confirm  this  fufpicion.  An  experiment  made  with  a  very  llrong  glafs 
barrel  would  not  only  decide  this  queHion,  but  would  moft  pfobabI)r  render  the  experiment 
peculiarly  beautiful  and  Jnlerefting  on  other  accounts. 

The  Count  thinks  a  barrel  of  glafs  might  be  made  llrong  enough  for  the  experiment,  if  it 
could  withltand  the  fudden  heat,  and  on  the  whole  feems  difpofed  to  think  the  trial  worth, 
making. 

All  the  parts  of  the  operation  being  ready,  it  was  in  the  autumn  of  the  Jfcar  179a  that 
(he  firft  experiment  was  made. 
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The  barrel  being  charged  with  lo  grains  of  powder,  its  contents  wbenquite  fi^I  anumnt* 
.  ing  to  about  28  grains,  and  the  end  of  the  baijrel  being  covered  by  a  circular  piece  of  oiled 
leather,  and  the  flat  fide  of  the  hemifphere  being  laid  down  upon  this  leather,  and  a  heary 
cannon,  a  twenty-four  pounder,  weighing  8081  pounds :  avoirdupois,  being  placed  upon  its 
cafcabel  in  a  vertical  pofition  upon  this  hemifphere,  in  order  to  confine  by  its  weight  the 
generatectelaftic  fluid,  the  heate'd  iron  ball  was  applied  to  the  end  of  the  vent-tube ;  and  after 
waiting  but  a  very  few  moments  in. anxious  expe£^acion  of  the  event.  Count  Rumford  had 
the  fatlsfadlon  of  obferving  that  the  experiment  had  fucceeded.  The  report  of  the  eaip}(^ 
fion  was  extremely  feeble,  and  fo  little  refembling  the  ufual  report  of  the  explofion  of  gui>- 
powder,  that  the  by-fianders  could  not  be  perfuaded  that  it  was  any  thing  more  than  a 
cracking  of  the  barrel,  occafioned  merely  by  its  being  healed  by  the  red-hot  ball :  yet,  as  the 
Count  had  been  taught  by  the  refult  of  former  experiments  not  to  expeclany  other  report, 
and  as  he  found,  by  putting  his  hand  upon  the  barrel,  that  it  began  to  be  fenfibly  warm,  be 
was  foon  convinced  that  the  powder  mud  have  taken  fire  ;  and  after  waiting  four  or  fiyp 
minutes,  upon  caufing  the  weight  which  reded  upon  the  hemifphere  to  be  raifed,  the  con- 
fined eladic,  vapour  rti(hed  out  of  the  barrel.  Upon  removing  the  barrel  and  examining  if, 
ii%  bore  was  found  to  be  choked  up  by  the  folid  fubftance  already,  dcfcribed,  and  from  which 
it  was  with  fome  difficulty  that  it  was  freed,  and'rendered  fit  for  another  experiment.  T|^ 
extreme  feeblenefs  of  the  report  of  the  explofion,  and  the  fmall  degree  of  force. vnth  wbidi 
the  generated  elaftic  fluid  ruflied  out  of  the  barrel  upon  removing  the  weight  whipb  lud 
.confined  it,  had  infpired  the  ailiflants.with  no' very  favourable  idea  of  the  impqi^tonce  .of 
thefe  experiments.  It  was  feen  indeed  from  the  beginning  by  their  looks,  that  theythoug^^t 
the  precautions  to  confine  fo  inconfiderablC'  a  quantity  pf  gunpowder  as  the  barrel  couUl 
contain,  perfeQly  ridiculous ;  but  the  refult  of  the  following  experiment,  taught  thqoi 
more  refpe£l  for  an  agent,  of  whofe  real  force  they  had  conceived  fo  very  jnadcquatc  aui 

In  this  fecond  experiment,  inftead  of  10  grains  of  powder,  the  former  change,  the  barrel 
•.  was  now  quite  filled  with  powder,  and  the  fteel  hemifphere,  with  its  oiled  leather  under  it, 
was  preflfed  down  upon  the  end  of  the  barrel  by  the  fame  weight  as  was  employed  for  that 
purpofe  in  the  firft  experiment,  namely,  a  cannon  weighing  8081  pounds.  The  barrel 
(which,  though  fimilar  to  it  in  all  refpe£ls,  was  not  the  fame  that  has  already  been  defcribed) 
was  made  of  the  bed  hammered  iron,  and  was  of  uncommon  drength.  Its  length  was  2| 
inches ;  and  though  its  diameter  was  alfo  2|  inches,  the  diameter  of  its  bore  was  no  more 
than  j^  of  an  inch,  or  lefs  than  the  diameter  of  a  common  goofe  quilL  The  length  of  its  bore 
was  2.15  inches.  Its  diameter  being  2^  inches,  and  the  diameter  of  its  bore  only  \  of  an  inch, 
the  thicknefs  of  the  metal  was  i^  inch;  or  it  was  5  rimes  as  thick  as  the  diameter  of  its  bore. 
The  charge  of  powder  was  extremely  fmall,  amounting  to  but  little  more  than  i^th  of  a  cu- 
bic inch ;  not  fo  much  as  would  be  required  to  load  a  fmal}  pocket  pidol,  and  not  one-tenth 
part  of  the  quantity  frequently  made  ufe  of  for  the  charge  of  a  common  mufket.  This  in- 
confiderable  quantity  of  gunpowder,  when  it  was  fet  on  fire  by  the  application  of  the  red-hot 
ball  to  the  vent-tube,  exploded  with  fuch  inconceivable  force  as  to  burd  the  barrel  afundcr 
in  which  it  was  confined,  notwithftanding  its  enormous  drength,  and  with  fuch  a  loud  re- 
port as  to  alarm  the  whole  neighbourhood.  The  fpe^ators  turned  pale  with  afltight  and 
adonifhment,  and  it  was  fome  time  before  they  could  recover  thcmfelvcs.     The  barrel  was 

not 
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Mt  only  eraipletely  burft  afunder,  but  the  two  halves  of  it  were  thrown  ttpcm.^e  gnmndni 
difierent  diredions ;  one  of  them  fell  clofe  by  the  Count's  feet,  as  he  was  ftanding  near  the 
machinery  to  obfenre  more  accurately  the  refult  of  the  experiment. 

From  fome  former  experiments  with  fmall  iron  wire.  Count  Rumford  deduces,  that  a  cy*  . 
Itnder  of  that  metal,  whofe  tranfverfe  fe£Uon  is  one  inch,  would  be  able  to  fuftain  63^466 
pounds  without  being  broken.  But  for  greater  accuracy,  he  caufed  feveral  fmall  pieces  to  be , 
cut  out  of  the  folid  half  of  the  barrel  which  was  broken.  From  four  experiments  with 
pieces  whofe  diameters  were  refpe£tively  in  thoufandth  parts  of  an  inch,  fifty,  fixty,  ilxty- 
(ix  and  feventy-fix  parts,  which  were  broken  by  a  dire^i  pull,  it  was  found  that  the  medium , 
weight  required  to  break  one  inch  of  this  iron  was  in  pounds  avoirdupois  63173.  The  varia* 
tions  in  the  refult  were  fuch  as  to  render  the  fecond  figure  (exprefling  thoufands)  uncer- 
tain. Our  author  computes  the  refiftance  of  the  barrel  from  the  area  of  the  furface  of  frac- 
ture, namely,  64  inches^  by  ufing  this  as  a  fimple  multiplier,  which  gives  410624^  pounds. 
And  this  force  being  confidered  as  applied  to  a  furface  of  half  an  inch,  which  is  the  area  of 
a  longitudinal  feAion  of  the  bore  of  the  barrel,  and  reduced  into  atmofpheres,  by  allowing 
15  pounds  avoirdupois  for  the  medium  preflure  of  the  air  upon  a  fquare  inch,  gives  547 50 
atmofpheres  for  the  meafure  of  the  force  exerted  for  overcoming  fuch  a  refiftance.  This 
forc^  enormous  as  it  may  appear,  is  fuppofed  by  the  Count  to  be  (hort  of  the  real  initial 
force  of  the  elaftic  fluid  generated  in  the  combufiion  of  gunpowder,  becaufe  he  thinks  it 
probable  that  the  barrel  was  in  fa£l  burft  before  the  generated  elaftic  fluid  had  exerted  all 
its  force.  On  this  head  of  probabilities  I  would  venture  to  make  a  remark,  that  the  iron  in 
thebsurelmay  perhaps  be  confidered  as  not  exa£Uy  inthe  fituation  of  the  pieces  which  our 
author  broke  in  his  engine  by  a  direft  puU.  For  in  thefe  laft  it  may  reafonaUy  be  fuppofed, 
that  the  whole  pfeflure  of  cohefion  was  equally  afted  on  till  the  moment  of  fraAure .; 
whereas  in  the  barrel  this  fra£bure  may,  from  the  fpring  of  the  metal  and  other  circum- 
ftanoes,  be  fuppofed  to  have  proceeded  from  the  inner  to  the  outer  furface  by  a  progreflion 
or  tearing  afuiider,  which,  however  fwift,  muft  have  rendered- the  divifion  more  eafy»  But 
at  all  events,  whatever  may  be  the  force  of  this  remark,  it  can  in  no  refpeft  invalidate  fuch 
conclufioas  as  wece  drawn  from  the  adlual  lifting  of  great  weights  by  raifing  the  hemifpheri- 
cal  cpver  of  the  barret. 

A  iet  of  experiments  were  inftltuted  with  an  apparatus  of  the  kind  here  defcribed,.for  the 
•purpofe  firft  of  determining  the  expanfive  force  of  the  elaftic  vapour  generated  in  the  com* 
buftion  of  gunpowder  in  its  various  ftates  of  condenfatioo,  and  the  ratio  of  its  elafticity  to  its 
denfity ;  and  fecondly,  of  meafuring  by  onedecifive  experiment  the  utmoft  force  of  this  fluid 
in  itv  moft  denfe  ftate ;  that  i«  to  &y,  when  the  powder  completely  fills  thcXpi^e  in  which. 
it  is  fired,  and  in  which  the  generated  fluid  is  confined.  A  numerous  feries  of  experiments 
are  tabulated  in  the  Count's  Memoir. 

The  dimenfions  of  the  barrel  made  ufc  of  in  thofc  experiments  were  as  follow  ; 

Diameter  of  the  bore  at  it«  muzzle  k  0,25  of  an  inch. 

Joint  capacities  of  the  bore  and  of  its  vent-tube  exclufive  of  die  fpace  occupied  by  tlie 
leathern  ftopper  =  0,0^74  of  a  cubic  inch.  , 

Quantity  of  powder  contained  by  the  barrel  and  its  vent-tube  when  both  were  quite  full^ 
exclufive  of  the  fpace  Occu{He.d  by  the  leathern  ftopper^  25,641  German  apgthecaries  grains, 
s=  24i  grains  troy. 
■      :  3  0a  trie 
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Tb4 Table,  !n  the  orig;ina),  contains  a  great  number  of  experiments,  in  which  the  weight  or 
piece  of  ordnance  was  ciiher  noi  railed,  or  was  thrown  up  with  a  loud  report.  Thofc  expc- 
Timcnts,  in  which  the  weight  juft  moYcd  without  a  report,  arc  obviouflf  fuch  as  indicate  the 
claAic  force  to  have  been  equal  to  the  preflure.  1  have  accorJhigly  fclefled  thefc  only  in 
the  following  table  as  fnilable  to  form  the  bafis  of  computations.  The  day,  hour,  and  mi- 
nute when  each  experimcRt  was  made,  are  likewifc  (O  be  found  in  the  original,  tliough  it  did 
not  fccm  ncceflary  to  infcrt  ihcm  in  this  abtiilgmeni.  The  expreflion  of  the  weight  on 
atmofpheres  is  grounded  on  the  afTumption,  tliat  the  mean  pceOuie  of  the  atoiofphcre  i> 
equal  10  fifteen  pounds  avoirdupois  upon  a  fijuare  inch. 
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In  the  lad  experiment,  with  near  cleTen.  thoufand  atmofpheres,  the  weight  was  nifc<!' 
with  a  very  Ibarp  report,  louder  than  that  of  a  well-loaded  mullcee  i  and  in  the  experiment 
immediately  following  with  the  fame  charge,  but  with  the  addition  of  fix  hundred  and  nine- 
teen pounds  to  the  weight,  the  vent-tube  of  the  barrel  burft:  Thia  experiment  wa>  the 
»5th  of  the  Table,  probably  the  85th  time  of  heating  the  tube, 
(To  be  concluded  in  the  next  Number.) 


Oi/ervalions  and  Experiments  tn  Steel,  refeiitBling  that  tf  Damafeuti   with  en  eafy  Ttflfir  4t- 
termining  the  unifirm  polity  of  Sttil  before  H  ij  empUyeJ  in  jforkj  if  Delicacy  «r  Enpence. 

X  N  the  infancy  of  fociety  the  hardeft  bodies,  fuch  as  (tones,  and  certain  kinds  of  wood, 
were  fele^ed  and  ufed  for  cutting  infiruments,  and  (lill  are  applied  to  that  purpofe  in  fe- 
TCtal  parts  of  the  world.  Thcfe  materials  were  fucceeded  by  copper,  hardened  by  a  mixture 
of  tin,  of  which  numeroui  weapons  yet  renuin  in  the  cabinets  of  the  curiou«.     And  Uftif, 

ftcd. 
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t  whether  obuincd  dircftly  from  the  ore,  or  by  cementation  of  malleable  iron,  has 
defcrve<tly  taken  place  of  every  other  article,  on  account  of  the  united  qualities  of  tenacity 
and  hardnefs  *.  When  the  fword  was  the  chief  weapon  of  war,  it  niuft  have  been  an  object 
of  grea  intcrelt  and  demand  to  give  to  its  blade  a  durable  keen  edge,  and  a  degree  of  firrai- 
acfs  or  (Irength,  which,  wichout  rendurliig  it  unwieldy,  (hould  enfurc  the  warrior  againft 
cxpofure  to  the  fatal  accident  of  its  breaking  in  the  a£t  of  combat.  The  Eabres  of  Da- 
mafcus  have  been  famous  for  ages,  and  ftill  bear  a  great  price  in  the  Eafl ;  but  we  have  no 
decided  account  of  the  manner  in  which  this  ftcel  is  mannfaflured  or  made  up.  Some 
years  ago  I  was  favoured  with  the  poOeflion  of  a  true  blade  of  this  kind  for  a  few  days, 
which,  if  my  rccol!e£tion  be  accurate,  had  coft  the  pofTcflbr  twelve  guineas  at  Conltan- 
tinople.  I  know  the  fum  was  not  lefs  than  this.  As  I  was  not  permitted  to  make  any 
experiments  upon  it,  I  co«ld  only  ground  my  procefs  upon  teafoning  from  its  external  ap- 
pearance and  obvious  qualkiea. 

It  had  a  dull  grey  or  blueifh  appearance,  was  fcarcely  harder  than  common  fte;1  from  the 
forge,  was  not  eaGly  bended,  and  when  bended  had  no  fpring  to  recover  its  figure.  Its 
tack  was  fmooth,  as  were  alfo  two  narrow  floped  furfaces  which  formed  its  edge  under 
an  angle  of  about  40  degrees;  but  it3  flat  fides  were  every  where  covered  with  minuto 
waving  lines  in  malTes  in  all  directions,  not  croQing  each  other,  and,  for  the  molt  part* 
funning  in  the  direftion  of  its  length.  The  lines  were  in  general  as  fine  as  harpGchord 
wire,  not  eictremely  well  defined  nor  continued  i  and  their  dillinftion  from  each  other  was 
tffefted  by  no  perceptible  Indcntatbn  of  the  furface,  but  rather  by  the  fuccelEon  of  paru 
iiflering  in  the  degree  of  polilh  or  brightnefa.  No  one,  upon  infpefVion  of  this  furface^ 
would  for  a  moment  have  imagined  or  allowed  that  it  could  have  been  done  by  engraving 
cr  etching,  as  the  falfe  blades  are  daraalked.  I  was  informed  that  if  any  part  of  this  blade 
were  made  fmooth  by  grinding  or  whetting,  the  wavy  appearance,  called  the  water,  could 
l»e  again  produced  by  means  of  lemon  juice  j  and  that  its  excellencies  were,  that  it  could  be 
depended  upon  not  to  break,  and  that  it  would  cut  deeper  into  2  fofc  fubftance,  fuch  as  » 
pack  of  wool,  or  into  flefh,  than  any  other  kind  of  blade. 

From  thefc  circumftancea,  as  welt  as  from  the  price,  I  was  induced'  to  thinit  that  the 
tilade  was  compofed  of  Iteel  and  iron,  and  thai  the  procefs  of  forcing  was  fuch  as  greatljr 
to  enhance  the  coll,  by  the  labour  and.  management  it  might  require.  Per  if  we  fuppofe 
the  pieces  to  be  united  together  at  the  welding  heat,,  and  then  forged  or  drawn  out,  it  ii 
certain  that  no  fmall  degree  of  fkill  and  care  would  be  required  to  render  all  the  parts  found, 
and  at  the  fame  time  preferre  the  fteel  and  iron  in  pofifclTion  of  their  charaCteriltic  pro- 
perties. Too  great  a  heat  would  probably  render  the  whole  mafs  more  uniform  than  is 
Confiltent  with  the  fubfequent  production  of  the  water  or  wavy  appearance.  In  my  attempt 
lo  imitate  this  fleel,  1  endeavoured  to  fubltitute  a  mechanical  contrivance  in  the  place  of  thia 
fiippofed  careful  forging. 

I  cauCed  a  cylindrical  hole  of  about  one  inch  in  diameter  to  be  bored  through  a  piece  of 
caft  iron,  the  lower  part  of  which  could  be  fo  placed  upon  an  anvil  as  to  clofe  one  end  of 
the  hole.  A  forged  iron  plug  was  made  nearly  to  fit  the  cylindrical  hole,  but  conliderablf 
longer.    Equal  weights  of  German  Heel  and  Swedilh  iron,  both  in  filings,  were  then  weU 
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mixed  witk  oil,  ahd  wrapped  in  a -paper,  which  had  before  been  rolled  upon  At  pUig)  and 
confequently  fitted  the  cylinder.  The  ends  of  the  paper  were  neatly  folded  ;  and  the  whole 
mafs  being  then  put  into  the  caft-iron  cylinder  placed  upon  the  anvil,  a  few  blows  were 
giren  by  drimg  the  plug  into  the  hole  with  a  heavy  hammer.  By  this  means  the  mafs  of 
filings,  when  thruft  out  of  the  cylinder,  wad  compa£b  and  manageable.  Ic  was  then  placed 
ifi^  charcoal  fire,  and  urged  to  a  weldiiig  heat  by  the  double  bellows.  Thence  it  was  taken 
with  the  tongs ;  again  haftily  put  into  the  cylinder^  and  hammered  by  means  of  the  plug 
and  the  heavy  hammer.  When  it  was  taken  out,  the  whole  was  found  to  be  confolidated  ; 
but  upon  forging  it  into  a  plate,  a  coiifiderable  portion  flew  off  in  a  crumbly  form.  The 
plate,  however,  was  filed  up,  fmoothed,  and  examined. 

Its  colour  prefented  nothing  remarkable.  When  weak  nitrous  acid  was  poured  upon  it,  it 
became  mottled  in  confequence  of  the  numerous  fmall  black  fpots  which  appeared  upon  the 
particles  of  fteel,  while  thofe  of  Iron  remained  clean.  On  the  nitrous'acid  being  waflied  o£E^ 
the  furfacd  appeared  wavy  like  the  Damafcus  fteel,  but  fcarcely  at  all  fibrous ;  doubtleis  be« 
caufe  the  folid  had  not  been  drawn  out  by  forging.  An  attempt  was  made  to  harden  it  hj 
ignition  and  cooling  in  water  $  but  it  ftill  remained  foft  enough  to  be  cut  with  the  graving 
tool,  the  point  of  which  did  not  indicate  any  difference  in  that  refpedi  between  the  parts  c^ 
iron  and  of  fteel,  though  it  is  very  probable  fuch  a  difference  did  really  exift. 

I  infer,  therefore,  that  the  Damafcus  fteel  is  in  faft  a  mechanical  mixture  of  fted  and 
iron ;  that  it  is  incapable  of  any  confiderable  degree  of  hardnefs,  and  confequently  is  in 
no  danger  of  breaking  from  its  brittlenefs ;  that  its  tenacity  is  enfured  not  only  from  the 
admixture  of  iron,  but  likewife  from  the  facility  with  which  its  foundnefs  may  be  afcer- 
tained  throughout,  by  the  fame  procefs  which  exhibits  the  water  or  fibrous  appearance.: 
and,  laftly,  that  the  edge  of  a.  weapon,  formed  of  this  material  muft  be  rough,  on  account 

■ 

of  the  different  refiftance  wUch  the  two  fubftances  afford  to  the  grind  ftone,  in  confequence 
of  which  it  will  operate  as  a  faw,  and  more  readily  cut  through  yielding  fubftances  than 
fuch  cutting  tools  as  are  formed  of  a  more  uniform  fubftance. 

This  experimental  enquiry  direfted  my  attention  to  a  method  of  afcertaining  the  uni* 
formity  of  texture  in  iron  or  fteel,  which  perhaps  may  have  been  Qoticed  by  others,  but 
is  ceruinly  unknown  in  moft  mahufaflories,  though  I.  have  found  it  of  great  utility.  If  a 
weak  acid,  for  example  the  nitrous,  which  I  have  ufually  taken  in  a  very  diluted  ftate>  be 
applied  to  the  face  of  iron  or  fteel  previoufly  cleaned  with  the  file,  or  with  emery  paper^ 
the  parts  which  contain  the  greateft  portion  of  carburet  of  iron  (or  plumbago)  iramedi-* 
ately  (hew  themfelves  by  their  dark  colour.  It  very  frequently  happens  that  articles  of  con« 
fiderable  value,  intended  to  be  fabricated  in  iron  or  fteel,  are  not  known  to  be  defeftive 
until  much  expence  has  been  laid  out  in  manufa£luring  them.  A  piece  of  iron,  which  has 
a  vein  of  fteel  running  through  it,  as  is  too  often  the  cafe,  will  require  at  leaft  three  times 
the  labour  and  care  to  turn  it  in  the  lathe,  which  would  have  been  demanded  by  a  piece 
of  greater  uniformiry.  Steel  which  abounds  with  fpots»  or  veins,  or  fpecks  called  pins, 
may  be  faffiioned  completely,  and  will  not  (hew  its  defe£ls,  until  the  final  operation  when 
the  attempt  is  made  to  poliih  it.  Other  articles,  fuch  as  meafuring  fcrews,  blades  of  (heerSj 
fine  circular  cutters,  &c.  either  bend  in  the  hardening,  from  the  difference  of  expanfion^ 
or  refift  the  tool  when  wrought  in  the  tempered  ftate,  or  exhibit  other  incurable  defeds 
when  they  come  to  be  tried  ;  which  the  tcft  by  nitrous  acid  would  have  indicated  before 

any 


.in?  expence  had  been  incurred.  In  thefe,  and  in  numberlefs  ptker  inft^ijces.  it  would 
have  been  incomparably  more  advantageous  to  have  rejedted  the  material  upon  the  firft 
trial,  rather  than  have  proceeded  to  the  very,  expenfive  procefs  of  manufaAur^ig  thearticle^ 
and  then  finding  it  of  no  value.  By  this  fimple  expedient  I  have  feen  bars  of  fteel  as  fiill  of 
veins, and  irregulariues  as  wood,  and  have  been  enabled  to  (eledt  the  beft  and  moft  uniforgi 
,  pieces  for  works  of  the  greateft  delicacy  ;  whereas,  before  I  thought  of  this  mode  of  trial, 
I  have  very  often  had  the  mortification  to  fail  in  the  laft  ftage  of  experimental  procefles, 
upon  which  much  coil  and  labour  had  been  bellowed. 
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VUI. 
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On  the  IrritaHlitj  of  the  PolUn  of  Plants.    With  an  Account  <f  a  Compofition  for  clofng 

Wide^mouthedVeffels.         

To  Mr.  Nicholson^  Editor  of  the  Phihfiphical  Journal. 
SIR, 


•*Vm  •      *-»— • 


JnL  FEW  fummers  ago  a  friend  of  mine  chanced  to  make  a  curious  difcovery  relative  to 
the  irritability  of  the  pollen  or  fecundating  duft  of  plants ;  which,  as  I  know  not  that  it  has 
yet  met  the  eye  of  the  public,  you  are  at  liberty,  if  thought  fufficiently  interefiing,  to  com- 
municate through  the  channel  of  your  JournaL 

Whilil  making  obfervations  with  one  of  Adams's  compound  microfcopes  on  the  figure 
of  the  particles  of  pollen  colle£ted  from  diSecent  plants,  he  applied  a  drop  of  water  to  a 
fmall  group  (which  was  placed  on  the  glafs  plate  of  the  flage),.  in  order  to  increafq  the 
bulk ;  and,  by  that  means,  more  accurately  determbt  the  figure  of  the  particles.  Happen- 
ing, at  the  fame  time,  to  have  a  fmall  phial  of  fpirits  of  wine  at  hand,  he  next  tried  a  drop 
of  that  liquid  to  frefli  pollen,  when  he  v^as  agreeably  furprifed  with  feeing  it  produce  a 

'  quick  gyration^  as  well  as  a  darting  of  the  particles  backward  and  fotward  in  the  drop : 
this  motion  continued  for  a  few  minutes,  and  then  gradually  fubfided  ;  the  particles  un- 
ravelling into  a  continuous  filmy  thread,  and  at  other  times  appearing  to  burft  and  emit 
a  multitude  of  particles  *  infinitely  fmaller,  and  which  conglomerated  together,  leaving 
the  capfular  veflel  empty,  or  only  filled  with  the  fpirxt. 

The  fpeedy  evaporation  of  the  fpirit  appearing  at  times  to  prevent  the  completion  of  the 
phenomenon,  he  afterwards  tried,  and  with  better  fuccefs,  a  little  comm'dn  brandy.    Hbe 

'  motions,  in  this  cafe,  were  continued  longer,  and  the  appearances  "were  more  complete;  tt 
will  appiear  that  thefe  do  not  proceed  from  the  mere  evaporation  of  the  liquid,  becaufe  thdfe 
particles  which  have  been  onde  faturated,  though  from  fome  caufe  they  may  not  have  burft 
or  unravelled,  are  incapable  of  excitation,  at  leaft  in  any  fimilar  degree,  by  the  application 
of  more  fpirit. 
Different  kinds  of  pollen  were  miicfe  ufe  of  for  this  experiment  j  but  that  of  the  *•  Ca£His 

-  flagelliformii}"  was  moftly  employed,  as  aflTording  the  moft  ftriking  appearance,  on  accdunt 
of  the  magnitude  of  its  particles. 

*  At  lead  it  prefented  tbit  appearmce  at  tiroes  to  my.  eyr;.  'which,  I  doubt  not,  has  been  theoccaiion  of  its 

Attaining  from  fonoe  botanifts  the  appeUation  of  the  fp^naatic  auia.^  pollen;  .^  ,  I    . 
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I  avoid  entering  into  any  theoretical  obfervations  on  the  aforefaid  phenottieamit  until 
more  fully  illuftrated  by  experiment^  and  content  myfelf  with  merely  announcing  it  to  the 
curious  inveftigators  in  the  paths  of  philofophical  botany. 

I  take  this  opportunity  of  commuhicatihg  another  method,  or  at  leaft  another  compo- 
Ction  for  cementing  wide-mouthed  veflelS)  in  addition  to  thofe  mentioned  in  your  Journal 
for  September.  It  is  a  mixture  of  fpermaceti  and  caoutchouc :  the  former  to  be  melted 
in  a  ladle,  and  the  latter'added  in  fmall  bits,  which  will  be  gradually.but  efieftually  dif- 
folved,  and  the  compound  forms  a  cement  perfefily  air-tight  when  poured  on  fluid  and 
fuffered  to  cool.  It  is  alfo,  I  believcy  very  little,  if  at  aU^  attacked  by  acids,  and  on  that 
account  might  be  of  conOderable  ufe  in  philofophical  laboratories.  The  quantity  of  caout« 
chouc  may  be  varied  according  to  the  intended  purpofe,  or  any  hardening  fubftance,  as 
madic,  added  if  required*  If  this  latter  communication  (hould  prove  of  any  uCb  to  you 
perfonally,  or  to  your  chemical  friends,  it  will  amply  gratify 

Tour  obliged  reader, 
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IX. 

Expir'wuntal  Rjfearcha  to  afartain  the  Nature  of  the  Trocefs  by  which  the  JEje  adapts  hfi^ 

to  produce  diftinB  Fifion. 

(Condnued  from  pifc  313.] 

J[N  the  former  part  of  this  article,  refpe£iing  the  adjuftment  of  the  eye,  a  eonfideraUe 
number  of  original  experiments  and  remarks  were  related  from  communications  to  the 
Royal  Society.  Thefe  have  for  their  objeds  the  determination,  whiether  the  cryftaUine  hu- 
mour by  its  fuppoTed  mufcularity,  the  external  muficles  by  their  greater  or  lefs  prefliire  up- 
on the  orbit,  or  the  cornea  by  a  variation  in  its  curvature,  be  each  the  fole  or  chief  agent  in 
caufing  the  pencils  of  light  from  vifible  objects  to  arrive  in  all  cafes  at  thofe  foci  which 
diftinf);  vifion  requires.  I  (hall  now  proceed  to  give  the  fubftance  of  the  other  Memoiif 
publiflied  by  the  Royal  Society  upon  the  fame  fubje£t 

In  the  volume  for  179$}  page  263, 1  find  a  paper  of  Obfervations  on  the  Eyes  of  Birds, 
by  Mr.  Pearce  Smith.  This  gentleman  relates,  that,  in  the  y^ar  179a,  he  obfenried,  while 
^ifleding  the  eyes  of  birds,  an  irreg^ilar  appearance  of  the  fclcrottca  in  that  part  which  fur- 
rounds  the  cornea,  and  which  in  them  is  general  y  flat.  On  a  more  minute  examination^  it 
appeared  to.be  fcales  lying  over  each  other,  and  which  appeared  capable  of  motion  on 
each  other.  On  invedigating  this  ftrudur e^  the  fcaletf  were  found  to  be  of  bony  hardneftt 
at  leaft  much  mcye  fo  than  any  other  part  of  the  fclerotica.  On  the  infide  of  the  fclerotic 
coat  there  was  no  appearance  of  thefe  fcales.  Tendinous  jfihres  were  dete^ed  fpreadiujg 
over  the  fcales,  terminating  in  the  four  ttOX  mufdes.of  the  <eyej  fo  that  upon  the  contrac- 
tion of  thofe  mufcles  the  fcales  would  be  moved. 

By  reflcfting  on  the  probable  ufes  of  .this  conformation,  Mr.  Smith  deduced,  that  the  in- 

temal  capacity  of  the  eye  will  be  greateft  when  .the  xt&\  mufcles  are  not  in  a£iion  \  and 

the  fcvcral  circles  of  fcales  being  fuffered  to  repofe  upon  ^ach  other  in  fuccefEon,  arc  upon 
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the  wholcy  nearer  the  anterior  ex^renuty  of  the  optic  axis*  than  at  any  other  timej  that^ 
when  by  voluntary  effort  thofe  mufcles  are  made  to  a£l>  the  feveral  circles  of  fcales  will  be* 
drawn  back,  and  diminifh  the  periphery  of  the  eye  at  their  refpe^live  poGtions  in  this  lafl: 
fituation  ;  and  that  confequently  the  internal  capadty  of  the  organ  being  rendered  le{8> 
the  mod  elaftlc  part,  namely,  the  cornea,  will  yield  to  the  prefiure  of  the  included  humour, 
and  become  mo're  convex.  This  he  concludes  muft  render  fmall  obje£ls,  near  the  animal^ 
very  difl.in£t.    . 

On  the  relaxation  of  the  mufcles,  the  original  ilatnefs  of  the  cornea  will  be  reftored  by 
the  elafticity  (as  he  affirms)  of  the  fclerodca ;  and  he  proceeds  to  make  remarks  on  the  ad- 
vantage the  animal  fyftem  derives  from  elafticiiy  being  oppofed  to  mufcular  force,  giving 
nearly  the  fame  inftances  as  were  offi:rcd  with  regard  to  the  elafticity  of  the  cornea  a  few 
months  before  by  Mr.  Home  *•  He  does  not  explain  in  direfl  terms  the  peculiar  excellence 
this  imbricated  fyftem  of  fcales  may  be  imagined  to  poflefs,  but  thinks  it  particularly  necef- 
fary  to  birds,  which,  without  it^  would,  as  he  fays,  be  continually  expiofed  to  dafh  chemfelvesr 
againft  the  trees  of  a  thick  foreft.  He  conceives  alfo,  that  the  extraordinary  alteration  in 
the  focus  of  the  eye  of  an  eagle  in  almoit  an  inftant  of  time  when  it  darts  from  the  upper 
air  and  feizes  an  obje£^  on  the  ground,  and  the  purfuit  and  feizure  of  a  gnat  Or  fmall  fly  by 
a  fwallow,  muft  require  the  aid  of  this  apparatus,  which  in  them  is  very  diftindl.  But  ti^ith 
regard  to  thefe  particulars,  or  final  purppfes,  fomewhatmore  of  inveftigation  feems  to  be' 
wanting.  For  it  is  certain,  that  no  bird  will  dare  to  fly  rapidly  through  a  thick  wood,  but' 
either  pa(s  leifurely  from  branch  to  branch,  or  foar  abo^e  the  tops  of  the  trees  when  fpeed  is' 
the  objedb  of  their  aim.  And  however  confiderably  the  bony  circles  may  be  ftewn  to  add' 
to  the  range  of  adjaftment  for  near  objedls,  it  does  not  appear  that  any  greater  fuddennefs* 
of  change,  in  the  eagle  and  other  Hrds  of  the  fame  fpecies,  is  wanted,  than  is  within  the  potvei' 
of  animals  not  poflefling  that  ftru£):ure;  becaufe  the  adjuftment  from  remote  to  neai^  ob« 
jefts  is  efiefted  in  the  human,  and  probably  every  other  eye,  in  a  time  incomparably  fhorter* 
than  that  of  an  eagle's  defcent  upon  his  prey*  Neither  do  fwallows  purfue  gnats  Or  Hits, 
but  feud  through  the  air  with  at  leaft  twelve  times  the  velocity  of  thofe  fmall  creatures,  which-' 
they  probably  catch  by  opening  their  mouths  without  the  leaft  ufe  of  fight. 

The  mention  of  fwallows,  and   the  probability  of  winged  animals  ftriking  themfelve^* 
againft  trees  in  their  flight,  brings  to  my  recolle£lion  fome  particulars  which  do  not  fecnX 
altogether  foreign  to  the  prefent  fubjefl:.    In  a  certain  ftate  of  the  atmofphere,  it  is  ufual 
for  fwallows  to  fly  rapidly  along  near  the  face  of  a  row  of  houfes,  at  the  diftanceof  three  or 
four  inches  from  the  wall.  Now  I  take  it  for  granted,  that  they  cannot  pofllbly  diftinguifti  the 
houfes  during  their  courfe,  on  account  of  the  rapid  angular  motion  }  and  I  dtfubt  very  much' 
whether  they  fee  objefts  before  them  with  any  precifion— not  to  mention  the  probability  that 
the  eye  itfelf  would  be  imniediately  dried  if  the  niditating  membrane  were  not  almoft  con-* 
'ftantly  upon  it.  With  thefe  refle£tions,  on  an  occafion  of  thii^kin^p  it  did  not  feem  furprifing' 
that  many  of  thefe  birds  came  Co  near  my  face,  while  obferving  them  from  a  window,  that 
they  (carcely  feemed  to  have  noticed  me.    But  the  moft  remarkable  circumftance  was,  that 
they  did  in  £a£l  turn  afide  fo  as  to  avoid  ftriking  me  ;  though  in  fome  inftances  fo  nearthstti 

• 
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ixHh  heard  and  ftit  the  a£kion  of  the  air  to  wliich  they  gave  motion.    On  mor^  attenfiTe 
-confideration^  however,  it  appeared  to  me,  thac  this  motion  of  the  air  is  the  very  inftrument 
which  by  its  re-aftion  may  warn.them  of  the  prefence  and  pofition  of  an  obftacle  the   in* 
ftant  they  approach  it;  which  they  may  habitually  and  fpeedily  avoid*     For,  as  the  intelli- 
gent blind  are  faid  to  know,  by  the  motion  of  air  and  its  echo,  the  fize  of  rooms,  the  width  of 
ftreets,  and  other  local  attributes,  which  are  commonly  afcertained  by  the  fenfe  they  are  depri- 
ved of;  and  as  boats  move  more  fluggiflily  in  (hallow  or  contra£led  channels ;  and  air  itfelf 
cannot  be  forced  with  rapidity  through  long  tubes ; — in  all  which  circumftances  the  re-a£troa 
muft  be  very  confiderable;  fo,  on  the  other  hand,  it  can  fcarcely  be  doubted,  that  the  objeA  of 
fuch  re-a£iions,  if  capable  of  perception,  would  be  fiifficiently  aware  of  their  prefence  or  ab^ 
fence.  I  fuppofe  the  re-a6lion  of  the  air  dafhed  againft  my  face  by  the  fwallow,  and  the  noife  I 
heard,  were  as  perceptible  and  as  impreiTive  to  the  bird  as  to  myfelf ;  and  from  this  reafoning 
I  am  lefs  difpofed  to  wonder  at  the  refult  of  the  cruel  experiment  performed  in  Itaty  a  few 
years  ago  upon  bats.     As  I  have  feen  the  notice  only  in  a  voluminous  periodical  puUicatioft 
to  which  I  cannot  now  turn,  I  mud  fimply  relate,  that  batsliave  been  thought  to  poflefs  a 
fixth  fenfe,  becaufe,  when  the  eyes  of  one  of  thofe  animak  were  difie^ed  out,  it  flew  round 
a  room  with  the  fame   fpeed  and  precifion  as  before,  avoiding  the  walls  and  obftades^ 
as  readily  as  if  ftill  po&nTed  of  (ight*     If  my  conjeflures  have  any  foundation^  tl^efc 
creatures  did  never  ufe  the  eye  to  warn  them  of  impediments  to  their  flighty  but  had 
conftantly  attended  to  the  re-aflion  of  the  fluid  ia  which  they  moved ;  which  wouldbe  verjr 
difierent  in  the  vicinity  of  an  obftacle  compared  with  that  in  open  fpace.    From  the  re- 
a£iion  of  a  direfl  obftacle,  they  would  turn  to  the  fidewhere  the  preflure  was  leaft,  or  the 
fpace  moft  open  \  and  if  the  obftacle  were  oblique,  it  may  ealily  be  imagined  that  the  xb«> 
quifite  deviation  from  their  courfe  would  be  equally  obvious; 

To  return  to  Mr.  Smith*s  Memoir.  He  was  led  from  the  ezaminatibn  of  the  eyes  of 
lurds  to  thofe  of  quadrupeds,  and  found  by  tearing  and  diile£ting  that  the  redi  mufdes  ter*> 
minate  in  the  cornea;  in  which,  and  in  his  inferences,  he  entirely  agrees  with  Mr.  Home  ia 
the  paper  before  mentioned  *  • 

The  Croonian  Ledure,  read  before  the  Royal  Society  in  November  179S,  was  writtea 
.  \gf  Everard  Home>  Efq.  and  contains  a  profecution  of  the  enquiry  refpe£ling  vifion^  of 
which  an  abridgement  has  already  been  given.. 

The  explanation  of  the  adjuftment  of  the  eye  by  an  aflTumed  change  in  the  radios  of 
the  cornea  being  different  from  the  theories  before  formed  on  that  fubje£(,  it  was  thought 
light  to  put  it  to  the  teft  of  every  experiment  which  might  appear  likely  to  refute  or  con- 
firm the  obfervations  already  made.  The  reader  has  feen  that  a  perceptible  variation  in  the 
figure  of  this  part  of  the  organ  of  fight,  was  afcertained  by  obferving  its  outline  by  meanr 
of  a  microfcope.  Another  method  fuggefted  itfelf;  namely,  that  if  the  cqnvexity  of  the 
^cornea  were  increafcd  to  ^  certain  degree,  it  could  be  meafurcd  by  applying  an  achromatic 
microfcope,  with  a  divided  eye-glafs  micron^eter,  to  view  the  image  in  the  virtual  focus  of  its. 
furface.  The  firft  ftep  in  this  experimental  procefs  was  to  afcertain,  by  experiments  upon* 
convex  mirrors,  what  diflfercnce  of  curvature  could  be  decidedly  obferved  by  an  apparatus^ 
4tf  this  kind.    Two  convex  mirrors,  one  of  T^ths  of  an  inch  focus,  the  other  j'^ths,  bad  their 
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flat  furfaces  made  rough  and  blacked,  to  prevent  an  image  being  feen  from  both  furfaces. 
One  of  thefe  was  ftuck  upon  a  piece  of  wood,  direfily  oppofite  a  window,  at  12  feet  diftance 
from  it.  A  board,  four  feet  long,  and  fix  inches  broad,  was  placed  perpendicularl3r  againft 
the  fafh  of  the  window,  and  its  image  refleAed  from  the  mirror  upon  the  obje£l  glafs  of  an 
achromatic  microfcope,  widi  a  divided  eye-glafs  micrometer. 

The  two  images  were  feparated  by  means  of  the  divided  eye-glafs  till  their  furface  of 
<:onta£l,  which  appears  like  a.  black  line,  was  rendered  as  fmall  as  poffible.  When  this 
^StQ.  was  produced  on  the  images  from  the  mirror  of  T^ths  of  an  inch  focus,  that  mirror 
was  removed  and  the  other  put  in  its  place.  The  contact  of  the  two  images,  which  before 
appeared  like  a  line,  had  now  acquired  confiderable  breadth,  correfponding  exadly  to  the 
difference  between  the  convexities  of  the  mirrors. 

When  the  fame  experiment  was  repeated  upon  the  eye,  there  was  a  perceptible,  though 
extremely  fmall,  change  in  the  micrometer  at  firft  when  .the  eye  was  fre(h.  This  was  not 
however  feen  afterwards,  and  the  eye  very  foon  became  fo  much  fatigued,  that  it  was  ne« 
ceffary  to  defift.  It  was  found  that  every  time  the  eyeadapted'itfelf  to  difierent  diftances 
it  became  neceffary  to  alter  the  diftance  of  the  obj>£t-glafs  of  the  microfcope  from  the 
cornea. 

This  experiment  was  repeated  on  four  different  days  with  the  fame  refult  ;  namely,  a 
obange  in  the  micrometer  at  firft,  which  in  the  fubfequent  trials  could  not  be  deteded.  Two 
fuppofitions  offered  themfelves  as  likely  to  account  for  this  efied,  namely,  a  motion  of  the 
head  forwards,  or  an  aAion  of  the  mufcles  of  the  head  itfelf ;  but,  as  the  author  remarksy  tfaig 
efie£^  ought  in  the  firft  cafe  to  have  been  more  frequent,  the  greater  the  fatigue  of  the  eye  \ 
and  the  latter  circumftance  would  have  produced  a  contrary  refult.  It  appeared,  therefofe, 
that  the  effe£l  on  the  micrometer  did  really  arife  from  a  change  ia  the  cOmea)  though  loo 
fmall  to  be  dete^ed  with  certainty  in  this  way. 

With  two  other  mirrors,  of  which  the  focal  diftances  were  Aths  and  i%Vv^  of  >n  inch,  the 
difference  between  the  fize  of  the  images  was  juft  vifiblc  in  the  micrometer  \  but  it  did  not 
appear  probable  that  the  fame  difference  would  have  been  vifible  had  the  mirror  not  been 
perfeAly  at  reft.  From  the  unfteadinefs  of  the  eye,  it  might  therefore  be  reafonably  fup-  ^ 
pofed  that  a  change  of  this  magnitude  might  take  place  in  the  cornea  without  being  diC* 
tinftly  feen. 

To  give  an  idea  of  the  Ihort  time  that  a  part  can  remain  nicely  adjufted  by  mufcular  ac- 
tion, the  author  points  out  an  experiment  which  any  one  may  make  upon  himfelf.  Let  hira 
take  a  glafs  fpirit  level,  and  reft  one  end  of  it  on  a  table,  fupporting  the  other  with  his  hand, 
and  endeavour  to  keep  the  air  bubble  in  the  middle.  If  the  hand  is  very  fteady,  the  bub« 
ble  may  be  kept  nearly  in  its  place,  but  not  exa£lly  fo ;  for  it  will  undulate  in  correfpon- 
ence  with  the  a£tion  of  the  mufcles,  making  up  for  want  of  fteadinefs,  by  lliorc  mo* 
tions,  in  contrary  dire£iions. 

From  thefe  experiments,  the  change  in  the  curvature  of  tlie  cornea  could  not  be  more 
than  T^th  part  of  an  inch,  as  any  greater  quantity  would  probably  have  been  diftin£lly  feen 
in  the  micrometer.  This,  however,  is  (lill  more  than  was  afcertained  by  the  former  expe« 
riments,  which  made  it  to  exceed  ^rsth  part  of  an  inch. 

This  change  in  the  cornea,  at  firft  view  of  the  fubjcft,  appeared  fufficient  to  account  - 
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for  the  tdjuftment  of  the  eye,  and  may  probably  be  fufficient  when  the  lens  is  removed,  but 
not  when  the  eye  is  entire.  The  author  therefore  proceeded  to  examine  what  alteration  the 
figure  of  the  human  eye  might  be  fufceptible  of  when  air  was  thrown  into  its  cavity^ 
through  the  optic  nerve,  fo  as  to  diftend  its  coats.  From  the  experiments  it  was  found 
that  the  axis  of  vifion  was  lengthened  a  fmall  degree  in  the  eye  of  a  boy  (ix  years  old,  forty- 
five  minutes  after  death,  while  the  tranfverfe  diameter  and  axis  from  the  optic  nerve  were 
fhortened.  A  (imilar  though  lefs  efied;  was  obfenred  in  the  eye  of  a  man  25  years  old, 
one  hour  after  dcrath  ;  but  no  alteration  took  place,  by  the  like  treatment,  in  the  eye  of  a 
man  50  years  old,  20  minutes  after  death.  The  obje£l  of  thefe  experiments  does  not  clearly 
appear,  as  there  is  no  fufpicion  of  an  adion'of  this  kind  in  the  living  fubje£);^  but  they  ap- 
pear to  fhew  that  the  cornea  is  the  part  moft  variable  from  elafticity  5  and  when  the  preflurc  is 
made  laterally,  and  from  without,  the  elongation  muft  be  ftill  greater,  the  adion  of  the 
ftraight  mufcles  being  the  moft  advantageous  that  could  be  imagined  for  this  purpofe. 

This  lateral  preflure,  Mr.  H.  obferves,  'will  not  only  elongate  the  eye,  and  increafe  the  con- 
vexity  of  the  cornea^  but  will  produce  an  effeft  upon  the  cryftalline  lens  and  ciliary  pro- 
cefTes,  pufhing  them  forward  in  proportion  as  the  cornea  is  ftretched.  For,  as  thefe  procefts 
form  a  complete  feptum  between  the  vitreous  and  aqueous  humours,  the  cavity  of  the- 
aqueous  humour  will  be  always  of  the  fame  fize,  and  the  cornea  and  lens  at  the  fame  dif- 
tance  from  each  other  ;  in  the  accurate  produftion  of  which  efFefts,  he  fuppofes  it  likely 
that  the  ciliary  procefTes  may  operate  by  mufcular  a£tion  ;  an  opinion  which  other  fa£ls  in 
Ike  courfe  of  the  lecture  tend  to  confirm. 

The  refult  of  this  enquiry,  which  was  not  carried  on,  as  he  remarks,  in  fupport  of  any 
particular  theory,  but  with  the  fole  view  of  difcovering  the  truth,  appears  to  be,  that  the  ad- 
juftment  of  the  eye  is  produced  by  three  diflTerent  changes  in  that  organ  \  an  increafe  of  cur- 
vature in  the  cornea,  an  elongation  of  the  axis  of  vifion,  and  a  motion  of  the  cryftalline  lens. 
Thefe  changes,  in  a  great  meafure,  depend  upon  the  contradiion  of  the  four  ftraight  mufcles 
of  the  eye.  Mr.  Ramfden,  from  computations  grounded  on  the  principles  of  optics  and  ge- 
neral ftate  of  the  fa£ls,  eftimates,  that  the  increafe  of  curvature  of  the  cornea  may  be  capable 
of  producing  one-third  of  the  efFe£):,  and  that  the  change  of  place  of  the  lens,  and  elongation 
of  the  axis  of  vifion,  fufliciently  account  for  the  other  two-thirds  of  the  quantity  of  adjuft-^ 
ment  necefiary  to  make  up  the  whole. 

After  this  explanation  of  the  mode  by  which  the  axis  of  vifion  can  be  elongated,  and  the 
convexity  of  the  cornea  increafed  in  the  human  eye,  for  the  purpofe  of  its  adjuftment,  Mr. 
Home  was  defirous  of  applying  thefe  obfervations  to  the  eyes  of  other  animals. 

Quadrupeds  in  general  muft  have  their  eyes  fitted  to  fee  very  near  objects,  as  many  of 
them  colle£t  their  food  with  their  mouths,  in  which  a£lion  the  objefts  are  brought  very 
clofe  to  the  eye.  Birds  are  under  the  fame  circumftances  in  a  ftill  greater  degree  with  re- 
fpeft  to  their  food  5  but  from  their  mode  of  life,  they  alfo  require  the  power  of  feeing  ohjefts 
at  a  great  diftance  from  the  eye.  Fifties,  from  the  nature  of  the  medium  in  which  they 
five,  muft  have  fome  other  mode  of  adjuftlng  the  eye  than  that  of  a  change  in  the  cornea^ 
becaufe  that  fubftance  is  poflefled  of  the  fame  refractive  power  as  the  furrounding  fluid. 

Quadrupeds  have  three,  modes  of  procuring  their  food ;  one  by  their  fore-paws  only, 
wliich  they  ufe  like  hands,  as  in  the  monkey  tribe  ^  the  fecond  by  their  fore-paws  and 
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mouthf  ts  die  lion  and  cat  tribe }  the  third  by  the  mouth  only,  as  iall  ruminating  animals. 
Thcfe  three  difierent  modes  require-  the  food  being  brought  from  different  diftances  from  the 
eye,  and  it  is  curious  that  the  mufcles  of  the  eye  are  difierent  in  all  the  three  tribes* 

In  the  monkey  tribe  the  mofcles  of  the  eye  are  exaflly  the.  fame  as  in  the  human.  In 
die  lion  tribe  they  are  double  in  number,  and  the  four  intermediate  mufcles  are  loft  in  the 
fclerotic  coat  at  a  greater  diftance  from  the  cornea  than  the  others.  In  the  ruminating 
tribe  there  are  four  mufcles,  as  in  the  human  eye  \  but  there  is  alfo  a  mufcle  furrounding  the 
eye-b^i  attached  to  the  bottom  of  the  orbit,  round  the  hole  through  which  the  optic  nerve 
paffes,  and  loft  upon  the  fclerotic  coat  immediately  before  the  broadeft  diameter  of  the  globe 
of  the  eye  The  upper  portion  of  this  mufcle  is  rather  the  longeft,  the  infertion  being 
nearly  in  a  circular  line  at  right  angles  at  the  axis  of  vi(ion,  but  not  to  the  axis  of  the 
eye  from  the  entrance  of  the  optic  nerve. 

<  In  quadrupeds  in  general,  the  ball  of  the  eye  is  broader  in  proportion  to  its  depth  than  in 
the  human  fubjeft.  In  the  bull  the  proportion  is  1  t|  inch  to  I  ^^.  The  cornea  is  larger 
and  more  prominent,  its  real  thicknefs  not  eafy  to  be  afcertaincd,  becaufe,  like  that  of  the 
human  eycj  it  readily  imbibes  moifture  after  death.  When  dried,  it  is  thinner  than  the  fcle- 
rotic coat  in  the  fame  ftate.  In  ruminating  animals,  the  cornea,  though  circular,  has  an 
oval  appearance,  arifing  from  an  opake  portion  which  is  covered  by  a  membrane.  The  ci- 
liary proceffes,  as  in  the  human  eye,  are  connefted  with  the  choroide  coat ;  but  they  .are 
larger,  and  are  united  at  their  origin  with  the  iris. 

This  ftru£ture  of  the  eye  in  quadrupeds,  as  far  as  it  differs  from  that  of  the  human  eye, 
appears  calculated  to  increafe  the  power  of  adjufting  it  to  near  objeds ;  and  from  the  mode 
of  life  which  thefe  animals  purfue,  fuch  additional  powers  appear  neceffiiry  to  enable  them 
to  procure  their  food  with  eafc. 

That  birds,  procuring  their  food  by  their  beak,  muft  require  an  adjuftment  to  fee  "very 
near  objedte,  and  that  a  degree  of  precifion  and  facility,  with  regard  to  remote  obje£ls,  is  no 
lefs  neceflary  from  their,  iituation  during  flight,  are  obvious  circumftances.  Mr.  Home  men« 
tions  fome  inftances,  in  which  birds  are  fuppofed  tohave  fcen  diftant  objeAs  with  peculiar 
diftin£tnefs.  It  is  related,  that  vultures  and  other  birds  very  fpeedily  repair  to  the  \iinct 
where  a  dead  animal  or  other  prey  is  expofed  to  them  ;  and  though  there  is  nothing,  per- 
haps, in  thefe  faQs  which  fuppofe  an  acutenefs  of  (ight  greater  than  th^t  of  other  animals^ 
yet  it  cannot  be  doubted,  upon  the  whole,  that  thefe  animals  fee  with  very  great  precifion  at 

vaft  diftances. 

The  eyes  of  birds  are  larger  in  proportion  than  thofe  of  other  animals,  and  broader  in 
proportion  to  their  depth,  with  a  more  prominent  cornea  than  in  the  quadruped.  The  cor- 
nea in  the  goofc  is  not  united  to  the  fclerotic  coat  by  the  terminating  of  one  abruptly  in 
the  other  -,  but  the  two  edges-are  bevelled  off  and  laid  over  each  other  for  nearly  ^6^^^  of 
an  inch.  This  circumftance,  as  alfo  the  bony  rim  or  apparatus  furrounding  the  baGs  of  ^ 
the  cornea,  which  is  peculiar  to  this  clafs  of  animals,  and  defcribed  by  Mr.  Smith,  was  well 
known  to  Haller.  Mr*  Home-  defcribes  it  more  particularly,  and  ftates  its  ufe  in  the  focal 
adjuftment  to  be  nearly  the  fame  ^s  that  defcribed  by  Mr.  Smith.  The  ciliary  proceffes 
are  larger  and  longer  in  birds  than  in  other  animals  whofe  eyes  are  of  the  fame  fize  5  and  the 
marfupium  or  membranous  procefs  peculiar  to  the  clafs  of  birds,  is  (hewn  by  him  to  be 
very  fimilar  to  that  of  the  ciliary  proceffes  5  but  flrongcr  in  all  its  partS|  and,  like  them,  con- 
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neCled  with  the  cryftatline  lens  at  the  one  extremity,  and  at  the  other  with  the  bottom  of  the 
eye.  By  experiments  on  this  membrane  he  afcercained,  that  it  is  capable  of  mufcular  con« 
tradion  :  for,  when  the  marfupium  and  cryftalline  lens  of  a  goofe's  eye  were  expofed  im* 
mediately  after  death,  and  tlie  lens  was  puflied  forwards  fo  as  to  elongate  that  membrane 
from  ^^ths  to  ^|ths  of  an  inch,  it  repeatedly  recovered  its  original  dimenfion  when  the 
preflure  was  taken  off.  But  when  the  parts  had  been  left  until  all  remains  of  life  were 
gone,  and  the  tenGon  was  then  made  as  before  to  ^oths  of  an  inch,  it  contracted  only  to 
^^ths ;  whence  it  was  conjcluded,  that  the  difference  between  tlie  contractions  was  the 
eSk€t  of  mufcular  aSion.  It  was  obfervable,  however,  that  in  fo  minute  a  quantity  it  was 
eafy  to  be  deceived.  Another  experiment  was  therefore  jinftituted  upon  the  well-known 
faft,  that  in  the  ^Qt  of  dying,  the  mufcles  are  found  to  contraQ  to  their  utmofl:  where  there 
is  no  refinance  to  prevent  fuch  adion  \  and  that  this  is  alfo  found  to  take  place  in  the 
greateft  degree  when  the  animal  is  killed  by  any  violence  committed  upon  the  brain  or  fpinal 
marrow.  The  cryftalline  lens  of  a  turkey's  eye  was  extraded,  and  immediately  afterwards 
the  turkey  was  killed  by  wounding  the  fpinal  marrow.  The  two  eyes  were  taken  out  and 
put  into  fpirits.  In  the  one  the  marfupium  had  nothing  to  prevent  its  contradling  to  the 
utmoft ;  while  in  the  other  the  lens  being  in  its  natural  fituation  could  not  allow  of  any  un« 
ufual  contradion.  Some  days  afterwards  the  two  eyes  were  examined :  in  the  perfeCi 
eye  the  marfupium  meafured  -s^ths  of  an  inch,  and  its  different  folds  were  femi-tranfpa* 
rent ;  in  the  imperfe£l  eye  the  marfupium  meafured  -^^oths  of  an  inch,  and  the  folds  were 
much  more  opake.  Here  then  was  a  difference  of  /^th  of  an  inch  in  the  length  of  the  two 
marfupiums :  which  could  arife  from  no  other  caufe  than  the  one  having  contracted  fo  much 
more  than  the  other,  which  contraction  muft  be  confidered  to  be  mufcular. 

On  a  review  of  the  peculiarities  in  the  eyes  of  birds  the  author  infers,  that  they  tend  to  fa- 
cilitate the  lengthening  of  the  axis  of  vifion,  and  increafing  the  convexity  of  the  cornea. 
The  bony  rim  to  which  the  mufcles  are  attached,  confines  their  tStCt  to  the  broadeit  part 
of  the  eye  ;  and  as  their  adion  throws  the  cornea  forward,  the  anterior  rim  of  the  bony 
edge  yields  to  adapt  itfelf  to  that  change.  The  ciliary  proceffes  are  long,  and  admit  of  the 
lens  being  moved  forward  during  the  adjuftment  for  very  near  objeCls,  which  is  performed 
with  more  facility  than  in  other  animals,  while  their  aClion  ferves  to  bring  it  back  to  its 
'  place.  The  marfupium  ferves  alfo  to  draw  it  backwards,  and,  by  fuftaining  part  of  the  pref« 
fure  from  behind,  renders  the  cornea  flatter,  while  the  anterior  edge  of  the  bony  rim  is 
adapted  to  it  in  this  ftate.  It  may  be  faid  that  no  fuch  great  change  is  neceflary  for  vifion 
with  parallel  rays^^  but  Mr.  Home  remarks,,  that  where  vifion  is  to  be  very  diftinCi,  a  cer- 
tain nicety  of  adjuftment  becomes  neceflary,  and  the  aClion  of  the  marfupium  is  probably 
intended  for  that  purpofe. 

The  fubjeC^  of  vifion  in  birds  is  concluded  by  an  obfervation,  that  one  of  the  moft  beau* 
tiful  illuftrations  of  the  combination  of  mufcular  and  elaftic  fubftances  is  feen  in  the  motion 
of  the  nictitating  membrane.  This  membrane  is  elaftic,  and  is  connected  by  means  of  a 
tendon  with  two  mufcles  fituated  upon  the  pofterior  part  of  the  eye-ball.  The  action  of 
thefe  mufcles  brings  the  membrane  over  the  cornea;  and  the  inftant  they  ceafe  to  contraCl, 
the  elafticity  of  the  membrane  draws  it  back  again.  ^ 

The  eyes  of  fiflies  have  feveral  peculiarities,  and  in  many  refpeCts  their  ftruCture  differs 
from  that  which  is  obfcrved  in  the  quadruped  and  bird. 

The 


Eyes  of  Fybss.^^Niw  PuUicaiions.  479 

The  mufcles  of  the  eye,  that  correfpond  to  the  ftraight  mufdes  in  the  quadruped,  are  four 
in  number :  they  are  however  difierently  placed ;  they  da  not  furround  the  eye-ball^  but 
two  of  them  are  on  that  fide  of  the  orbit  next  to  the  nofe  of  the  fi(h«  the  other  two  on  the 
oppofite  fide  \  their  attachment  to  the  eye  is  clofe  to  the  edge  of  the  cornea  ^  they  do  not 
pafs  round  die  eye-ball  towards  the  pofterior  part^  as  in  other  animalsi  but  are  con* 
ne£ted  with  the  bones  of  the  head  at  fome  diftance  from  the  eye  on  each  fide,  fo  that  &ey 
cannot  at  att  comprefs  the  eye  laterally ;  they  can  only  puU  it  backward  hy  the  combined 
effefl  of  their  afiions. 

The  bottom  of  the  orbit  on  which  the  eye-ball  refts  is  Iblid  and  adapted  to  it,  there  being 
no  fat  interpofed  between  them  as  in  other  animals ;  and  where  the  eye  is  removed  to  a 
great  diftance  from  the  ikult,  and  that  cannot  be  the  cafe,  there  is  a  ftroiig  cartilage  pro* 
je£ling  from  the  fkull  to  the  bottom  of  the  eye,  and  that  end  of  it  next  to  the  eye  is  con- 
cave^  and  fitted  to  the  portion  of  the  eye-ball  diredly  oppofite  the  cornea,  juft  above  the 
entrance  of  the  optic  nerve.  This  is  confidered  as  a  fixed  point  upon  which  the  eye 
moves;  but  it  will  alfo,  from  the  fituation  of  the  mufeles,  allow  the  eye  to  be  forced  back 
upon  it,  and  the  whole  eye  to  be  flattened. 

The  (hape  of  the  eye  differs  confiderably  in  diffisrent  fiflies  ^  but  in  all  of  them  the  tranf- 
verfe  diameter  is  the  longeft.  In  the  haddock  the  proportion  is  xiths  to  V^tha  of  an  inch^ 
and  in  fome  fiflies  it  diflPers  much  more. 

The  fize  of  the  eye  does  not  correfpond  with  that  of  the  iSk ;  the  fatmon's  eye  being 
fmaller  dian  the  haddock's. 

The  fclerotic  coat  is  in  fome  fiflies  membranous*,  in  fome  partly  bone  f ,  in  others  en- 
tirely fo| ;  b^t  in  general:  the  pofterior  part  is  membranous,^  althou^  th<  lateral  parts  are 
bone$. 

The  cornea  is  in  general  ffat,  not  always  circular  in  its  fliape,  is  very  thin,  made  up  of  la*^ 
minae,  and  does  not  lofe  its  tran(parency  in  fpirits,  appearing  like  talc  ||.  In  others  it  is 
more  convex,  as  in  fifli  of  prey  \  this  appears  to  adapt  it  to  the  fpherical  cryflalline  lens> 
which  in  them  lies  directly  behind  itf .  The  tunica  conjun£tiva  forms  the  anterior  layer  of 
the  cornea  ^*^  and  in  fome  fiflic^s  is  quite  detached* 
(The  Subftana  of  Mr.  Homis  Concluding  Le^iun  upon  tht  Eytwiff  be  given  in  a  future 
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Printed  for  Cottle, in  Briftol,  and  fold  in  London  by  Johnfon,  1797. 

Tlie  author  of  this  pamphlet. was  accidentally  informed,  by  a  pra£):itioner  in  furgery,  in  the  ^   -, 

courfe  of  the  year  juft  expired,  that  he  was  defirous  of  giving  a  courfe  of  anatomical  leAures  ^ 

in  Briftol.  To  furnifh individuals  with  fo much  knowledge  of  themfelves  as  (hould  enable  thenv  ^ 

to  guard  againft  habitual  ficklinefs,  and  a  ;variety  of  ferious  diforders,  had  long,  been  an  objeA 
of  Dr.  Beddoes's  contemplation.  He,  therefore,  propofed  that  the  courfe  ihould  be  modelled 
according  to  this  idea.  He  remarked  that  a  diftinfl  exhibition  of  the  larger  line^  of  anatomy 
and  phyfiology  would  be  alfo  the  mode  of  inftru£lion  beft  adapted  to  young  ftudents  in  me- 
dicine 5  much  obfervation  of  Icfliures  having  convinced  him  that  extreme  minutenefs  is  only 
perplexing  to  beginners.  This,  joined  to  fome  other  confiderations,  prevailed.  Mefl*. 
Bowles  and  Smith  undertook  the  courfe,  the  hitention  of  which  is,  to  exhibit  the  ftrufturc 
of  the  body  in  a  manner  neither  fuperficial  nor  tedious  5  to  explain  the  functions  of  the 
parts  as  far  as  they  have  hitherto  been  inveftigated  ;  to  illuftrate,  by  fpecimens,  the  prin- 
cipal deviations  of  thefc  parts  from  their  healthy  conformation,  and  to  interfperfc  fuch  re- 
flexions as  may  be  ufeful  in  phyfical  education,  and  fhe  whole  condu£b  of  life.  Dr.  Bed- 
docs  purpofes  to  contribute  his  utmoft  affiftance  to  the  defign,  in  whatever  way  that  aflift- 
ance  (hall,  upon  reflexion,  appear  moft  likely  to  be  eflfeaual.  This  introduftory  leflurc 
conftitutcs  part  of  his  exertions  in  a  plan  fo  truly  calculated  to  promote  individual  happi. 
nefs,  and  public  welfare.  He  is  defirous  that  its  publication  may  produce  fimilar  undern 
takings  elfewherc,  and  juftly  fuppofes  that  a  communication  of  the  fail,  that  thefc  Icdlurcs 
are  attended  by  an  audience  more  than  twice  as  numerous  as  the  friends  of  that  defign  ex- 
pelled, will  tend  to  promote  this  purpofe. 

After  this  concife  ftatcmcnt  erf  an  undertaking  to  which  every  friend  of  mankind  muft 
wifii  fucccfs,  I  muft  decline  analyfing  the  Icdurc,  and  content  myfclf  with  obfervlng,  that 
the  fubj\*a,  which  itfclf  is  highly  intercfting  to  all  dcfcriptions  of  men,  is  treated  iu 
a  very  perfplcuous  and  impreflivc  manner. 
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TO   U  R  N   A  L 


OF 


NATURAL   PHILOSOPHY,   CHEMISTRY, 


AND 


THE    ARTS. 


FSBRVARr      1798. 


ARTICLE    I. 

An  Attempt  to  accommodate  the  Difputes  among  the  Chemifis  concerning  Phlogi/lon.  In  a  Letter 
from  Dr.  MircHiLL  of  New  Tork  to  Joseph  Pmimstlev^  LL,D.  F.  R,  S.  is^c.  is^c> 
Dated  November  20,  1797  *. 

Un  reviewing  the  ftate  of  philofophicsd  controverfy  as  carried  on  both  in  Europe  and 
America  between  the  Phlogiftians  and  their  opponents  ;  it  has  of  late  appeared  to  me|  that 
much  of  the  difficulty  which  attends  the  fubjed  arifes,  as  in  abundance  of  other  cafeSf 
from  the  want  of  a  precife  language  and  of  a  right  underftanding  of  each  other's  meaning. 
This  was  fo  evident  to  me  in  the  prefent  cafe,  that  I  informed  my  audience  of  it  in  one 
of  my  public  le&ures  in  Columbia  College,  and  added  my  belief,  that  due  attention  to 
terms,  their  application  and  ufe^  would  have  great  influence  in  bringing  the  difpute  to  a 
termination. 

Having  fubjefted  water  heated  to  the  temperature  of  fteam  in  an  eolipile,  and  dire£ted 
the  fteam  ifluing  from  it  to  the  furface  of  red-hot  charcoal  }  the  coal  brightened,  and  a 
greater  flame  was  obfetved  near  the  fpot  againft  which  the  fteam  was  made  to  play. 
Here  was  an  occurrence  oppofing  the  common  obfervation  of  mankind,  that  water  will 
always  extinguifii  iire  by  reafon  of  its  own  incombuftibility*  Water  kept  at  or  below  a 
certain  temperature  will  extinguilh  fire,  and  fo  will  oil ;  but  if  water  be  raifed  to  a  heat 
fufficiently  high,  it  will  alfo  burn  or  undergo  decompofition  like  oil.  As  far  as  I  could 
judge  from  ihc  phenomena  before  me,  water  in  proper  circumftances  underwent  a  true 
combuflion^  and  was  inflammable  for  the  fame  reafon  that  oil  was,  bccaufe  it  contained  a 
fomethhig  that  would  burn  ;  and  this  fomething  feemed  to  be  exaQly  flmilar  to  that  which 
made  oil  capable  of  exhibiting  flame.     It  ftruck  me  inftantly,  that  the  inflammability  of 
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this  vapour  proceeding  from  burning  fat,  from  heated  alcohol,  from  camphor,  ether,  coal, 
and  a  multitude  of  other  fubftancc9,  gave  evidence  of  their  poflefling  a'  principle  enabling 
them  to  burn  with  flame  after  the  fame  manner  that  water  did.  If  there  was  this  fimilarity 
or  indeed  identity  of  the  inflammable  radical  among  them,  there  appeared  to  be  no  more 
propriety  in  calling  that  radical  hydrogifie  than  in  terming  U  olegency  alcohologencj  ethertgene^ 
coalcgene  *,  &c.  To  give  the  radical  fubilance  enabling  oil,  alcohol,  ether  and  coal  to  burn 
with  flame  a  name  derived  from  water,  becaufc  it  enabled  water  to  burn  with  blaze  too, 
appeared  to  me  partial,  illogical  and  wrong,  inafmuch  as  it  conftantly  and  unneceflarily 
brought  water  and  its  properties  to  mind  whenever  any  thing  was  thought  of  that  contained 
hydrogenej  and  by  this  unhappy  aflbciation,  befidcs  the  difBculty  which  attends  the  fubjeft 
in  point  of  fa£l:,  vaftly  greater  dilRculty  was  made  to  furround  it  by  reafon  of  the  ill  chofea 
and  badly  aflbrted  terms  employed  in  talking  about  it. 

I  had  entertained  no  doubt,  for  two  years,  that  hydrogetie  was  an  improper  word  for  a 
nomenclature  of  fcience,  and  defer\'ed  to  he  ftruck  out  ot  the  lift  :  but  as  I  was  engaged  in 
reforming  another  article  oT  that  arrangement,  I  chofe  not  then  to  meddle  with  it;  and  lam 
glad  I  did  not ;  fince  the  prolonged  difputes  between  the  parties  aflTord  more  weighty 
cauPi^s  for  an  ^alteration  of  terms  at  this  day  than  cxifted  at  any  former  time. 

The  circumftance  common  to  all  the  proceflTes  I  have  mentioned,  is  "  burning  with 
flame  or  blaze,"  which,  wherever  it  occurs,  feems  to  indicate  the  prefence  of  what  has  been 
called  hydrogene.  According  to  my  prefent  conception  of  the.  matter,  this  principle  or 
fubftance  common  to  fo  many  bodies,  and  enabKng  them  to  undergo  inflammation,  may  in 
ftri£i  propriety  be  called  phlogijlon.  I  always  thought  phlogtfion  a  well  conceived  word^ 
and  have  obje£ked  to  it,  not  oa  account  of  the  impropriety  of  the  term  as  fuch,  but  becaufe 
of  the  vague  and  unfatisfa£tory  way  in  which  it  was  ufed.  If  a  definite  Cgnification  can 
be  aflfixed  to  it,  I  think  the  adoption  of  it  will  be  dill  a  great  acquifition  to  philofophical 
language,  and  have  a  tendency  to  fettle  at  Icafl;  half  the  controvcrfy  which  divides  the 
chcmifls. 

I  propofe,  then,to  txi^MtigthydrogerttznA  twh^itMtt phlogtfion  in  its  place.  Pbloglfton  will  thus 
be  the  radical  term,  and  ftri^lly  mean  the  thing  in  combuftible  bodies  which  forms  blaze  or 
ignited  vapour.  The  union  of  this  with  mere  caloric  will  make  pbhgifious  ot  inflammable 
air,  the  air  which  burns  with  blaze.  The  combination  of  phlogifton  with  oxygene  will 
conftitute  water  or  the  oxydofpUogifiony  one  of  the  produfts  of  inflammation,  and,  like  fixed 
air  and  other  compounds  formed  during  the  fame  procefs,  incombuftible  in  common  tcm- 
peratores  and  circumftances  afterwards.  And  the  c^ufe  of  this  flownefs  to  bum,  of  water 
and  the .  other  compounds  which  combuftion  furnifhes,  is  offing  to  the  large  dofe  of 
oxygene  with  which  they  are  charged,  giving  them  little  or  no  appetite  for  more.  If  this 
bafc  be  united  to  a  yet  larger  quantity  of  oxygene,  it  will  form  the  acid  of  phlogifton,  or 
water  foured  by  excefs  of  oxygene,  as  perhaps  (though  I  do  not  believe  it)  in  what  is 
termed  the  pyro-lignic  and  pyro-mucic  acids,  and  perhaps  in  fomc  other  cafes :  but  the 
rcadinefs  with  which  phlogifton  parts  with  its  furplufage  of  oxygene,  turns  back  to  water, 
BTid  preferves  itfelf  in  that  oxydated  form  (as  proved  by  the  operation  of  (harp-pointed 
ilaments  under  water  in  eflfeding  the  feparation)  ihews  that  nature,  in  enabling  the  princi* 
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pleof  inflammabilfty  to  combine  with  Qxygcne,  difqualifies  the  latter  In  moft  cafes  from 
becoming  an  acid  with  the  former;  unlefs  it  fhould  be  found  (and  in  this  I  have  no  faith) 
that  the  formation  of  the  native  acids  of  vegetables  is  a  procefs  of  this  kind.  Should  this 
latter  conjefture  turn  out  to  be  the  faft,  there  would  be  inftances  enough  of  phlogijfic  and 
phlogtftous  acids. 

The  nomenclature  will  then  (land  thus : 

Phlogifton  ^   Phologiftous  gas, -^    Oxyd  of  phlogifton 

for  I  for  for 

Hydrogene.    |   Hydrogenous  or     '    Water  or  oxyd  of 
J  inflammable  air.  J  hydrogene. 

5-  .  6. 

Phlogiftous  and  phlogiftic  acids,  f  Phlogiftates  and  phlo- 

giftites.  Probably  no 
fuch  combination. 


Gafeous  oxyd  of  phlogifton 

for 
Aqueous  gas,  or  watery  ftcam. 


Probably  no  fuch  things ;  the 
hydrogene   or  phlogifton  not 
being  capable   of    combining ' 
with  oxygene  beyond  the  de- 
gree of  pxyd. 


Phlogiftures  and  phlogifturcts ; 
of  fulphur,  coal,  phofphorus, 
iron  and  zinc, 

inftead  of 
The  common  fulphur,   &c, 
of  the  laboratories  and  (hops, 
&c.  &c. 

On  the  decompofition  of  fat  and  oil  by  fire,  it  is  known  that  a  large  quantity  of  water  is 
formed,  and  this  probably  by  an  union  of  the  bafe  of  vital  air  with  phlogifton  or  hydrogene. 
The  like  obtains  in  the  inflammation  of  alcohol,  camphor,  ether  aind  coal^  part  of  the 
phlogifton  or  hydrogene  of  which  apparently  turns  to  water  by  juni£lion  with  oxygene. 
And  the  principle  which  in  the  firft  inftance  readily  exhibits  the  blazing  appearance  is 
changed  by  and  during  that  operation  to  a  fomething  much  more  diflicult  to  inflame  by  any 
after-procefs. 

If  hydrogene  or  phogifton  is  die  material  which  inflames  in  the  fubftances  already 
mentioned,  there  is'prefumptlve  evidence,  upon  the  face  of  the  fubjed,  of  its  exiftence  alfo 
In  the  common  fulphur,  phofphorus,  zinc,  and  iron  of  the  laboratories.  I  do  not  mean  to 
fay  it  is  a  neceffarily  conftituent  part  of  cither  of  thofe  bodies }  for  I  believe  they  may  exift 
without  it,  or  at  leaft  they  may  be  conceived  to  exift  abftraftedly  from  it.  •  They  therefore 
ftand  very  well  in  the  nomenclature  as  fimple  fubftances.  But  if  thefe  fubftances,  fuch  as 
we  commonly  get  them  after  e^cpofureto  the  common  atmofphere  in  ordinary  temperatures, 
are  taken  for  fimple  or  pure  elementary  bodies,  the  perfons  who  confider  them  fo  fall  into 
a  great  miftake.  In  their  ufual  forms  they  are  ail  incorporated  witli  hydrogene  or  phlogif- 
ton, and  from  it  derive  their  capacity  to  burn  with  flame.  This  will  be  the  more  clearly 
feen  by  confidering  them  more  particularly  one  by  one. 

I.  Of  Sulphur.  The  Phlogiftians  fay  fulphur  is  compofed  of  phlogifton  united  to  vitriolic 
acid  ;  confcquently  if  any  thing  takes,  away  that  ingredient  from  the  acid,  this  will  turn  to 
brimftone.  The  antiphlogiftians  affirm  fulphur  to  be  a  fimple  body,  uncombined  chemicaU]^ 
with  any  thing ;  and  that  it  becomes  fulphuric  acid  by  jundlion  with  oxygene.  Now.bpth 
parties  have  rcafoned  in  a  manner  that  does  not  by  any  means  fatisfy  me.  They  have 
viewed  the  combuftion  of  fulphur  in  the  abftra£k,  rather  than  taken  it  up  as  it  is.  The 
faft  is,  that  the  acid  formed  in  the  combuftion  of  fulphur  is  not  the  folid  cryftallized  mat- 
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ter  of  the  glacial  oil  of  vitriol,  but  a  folution  of  thcfe  cryftals  in  water.  Hie  exiftence  of 
vitriolic  acid  in  a  fluid  form  implies  necefiarily  the  co-exiftence  of  water.  The  formation 
of  the  water  in  the  inflammation  of  fulphur  appears  to  have  been  pafled  over  by  both 
parties,  though  the  interpretation  of  this  part  of  the  procefs  feeros  to  me  to  furnilh  the 
means  of  reconcilement.  Thus,  while  the  pure  fulphur  combines  with  one  portion  of 
oxygene  to  make  the  acid,  the  hydrogene  or  phlogidon  unites  with  another  parcel  of  k  to 
form  the  water  in  which  the  acid  diiTolves.  Common  brimdone  then  is  not  a  (irople  fub- 
ftance,  but  is  a  phlogijiure  of  fulphur.  And  this  is  confirmed  by  the  faft  that,  where  com- 
buflion  is  retrained,  the  fulphur  may  be  refolved  into  hepatic  gas;  the  phlogifton  turning 
with  caloric  into  inflammable  air  and  diflblving  fome  of  the  fulphur.  The  formation  of 
common  hepatic  gas  feems  to  evince  the  fame  thing ;  for  while  the  pota(h  fcizes  the  ful- 
phur, the  hydrogene  or  phlogifton  is  fet  loofe,  turns  with  caloric  to  hepatic  gas,  and 
fnatches,  as  it  departs,  a  portion  of  the  fulphur  from  the  alkali.  Thus  it  appears  that  the 
two  fyftems  are  reconcikablc  with  each  other.  When  the  Old  Cheraifts  talk  of  phlogifton, 
they  fliould  define  it  to  be  that  thing  which  burns  >K'ith  flame,  and  when  united  to  oxygenc 
forms  water.  When  the  new  ones  make  experiments  on  fulphur,  they  (hould  remember 
that  the  common  material  called  by  that  name  is  not  the  abftra£^,  pure,  unconibined 
elementary  thing  they  intend  in  their  nomenclature. 

2.  In  like  manner  the  phenomena  attending  the  inflammation  of  phofphorus  feem  to 
have  been  as  negligently  interpreted.  Phlogifton  added  to  phofphoric  acid  was  faid  by 
fome  to  conftitute  phofphorus  \  while  oxygene  added  to  phofphorus  made  phofphoric  acid 
in  the  opinion  of  others.  But  thefe  were  a  kind  of  chemical  theorems,  true  only  in  the 
abftra£l  experiments.  We  find  that  phofphorus  burns  ivith  flame^  and  water  is  exhibited 
during  the  procefs.  All  that  needs  be  faid  about  it  is,  that  in^common  circumftances  phof- 
phorus, though  capable  of  exifting  perfe^  has  a  very  ftrong  attra£lion  for  hydrogene  or 
phlogifton  -,  and  in  ordinary  cafes  attaches  more  or  lefs  of  it  to  itfelf.  During  its  inflam- 
mation  part  of  the  oxygene,  as  in  the  cafe  of  the  fulphur,  combines  with  the  phlogifton 
into  water  -,  and  another  part  of  it  joins  the  oxygene  to  conftitute  the  acid.  In  eftimating 
the  whole  of  the  procefs,  the  candid  partifans  of  both  fides  will  allow  that  the  fubftance 
under  confideration  parts  with  its  phlogifton  and  borrows  oxygene,  and  thus  water  and  the 
acid  diflblved  in  it  are  formed. 

Where  is  the  harm  of  owning  that  common  phofphorus  contains  a  portion  of  hydrogene 
united  with  it  ?  It  does  not  invalidate  the  modern  theory  :  but  it  ftiews  that  the  obje£^ions 
of  the  ancient  doArine  were  not  frivolous,  as  they  have  by  fome  been  deemed  to  be ;  but  on 
the  contrary  very  fubftantial,  and  not  capable  of  reconcilement  upon  any  other  plan,  that  I 
know,  than  the  one  herein  fuggefted. 

3.  Zinc  may  be  abftra^edly  confidered  as  a  fimple  body,  and  with  propriety  placed  as 
fuch  in  the  catalogue.  Commonly,  however,  it  is  prcfented  to  us  in  clofe  connexion  with 
hydrogene,  for  which  its  attraftion  is  fo  ftrong  that  they  commonly  appear  in  the  form  of 
a  pbhgifture  of  zinc.  When  that  compofition  is  employed  for  experiments,  it  is  very  eafy  to 
conceive  how,  when  fuch  zinc  is  expofed  to  a  fufBcient  heat  in  an  open  fire,  the  phlogifton 
diflodged,  and  immediately  becoming  phlogiftous  gas  or  inflammable  air,  ftiall  take  upon  itfelf 
the  form  of  flame  and  conftitute  water ;  while  tlie  oxygene  combines  with  the  metal  Into 
a  white  oxyde,  the  flowers  of  zinc     So  if  the  fame  compound  be  diflblved  in  fulphuric 
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acxd»  the  pKlogifton  difplaced  will  turn  to  inflammable  sur,  while  the  acid  and  the  zinc 
form  white  vitriol.  In  this  way  fome  of  the  phlogiflous  or  inflammable  gas  may  be  ac« 
counted  for,  as  extricated  from  the  metallic  preparation :  and  at  the  fame  time  I  fee  no 
objefiion  to  deriving  the  reft  of  the  great  quantity  afforded  by  this  procefs,  from  the  de- 
compofition  of  part  of  the  water  or  oxyd  of  phlogifton.  To  accommodate  matters  then, 
the  advocates  of  the  Lavoiiierian  theory  ihould  concede  that  zincj  in  common  circum- 
ftances,  is  afTociated  with  hydrogene  or  phlogifton.  And  the  difciples  of  Stahl  ftiould  on 
their  Gde  allow  that  zinc  cannot  be  confidered  as  a  pure  metal,  while  alloyed  or  blended 
with  phlogifton  or  any  other  foreign  ingredient.  The  material  they  have  all  worked  upon 
is  not  the  uncombined  metal,  but  a  phlogifture  of  zinc. 

4.  Some  forts  of  iron  treated  by  heat  alone  aflbrd  phlogiftous  or  inflammable  air.  The 
fame  metal  may  be  made  to  burn  with  flame,  and,  when  treated  with  fulphuric  acid, 
aflbrds  much  phlogiftous  air.  What  then  is  the  thing  commonly  called  iron  ?  Is  it  a  pure 
and  unmixed  fubftance  ?  Or  is  it  a  compound  of  elementary  iron  with  hydrogene  or  phlo- 
gifton ?  The  fa£ls  enumerated  lead  concluGvely  to  the  latter  opinion.  The  Phlogiftians 
are  right  then,  when  they  fay  common  iron  is  a  compound  :  and  they  are  right  when  they 
fay  the  inflammable  air  obtained  from  it  is  nearly  pure  phlogifton.  And  the  Antiphlo- 
glftians  are  jufti(iabl(  in  placing  in  their  enumeration  of  (imple  bodies,  fuch  a  thing  as 
elementary  iron  is  or  may  be  imagined  to  be ;  and  in  afcribing  the  production  of  hydro- 
genous or  phlogiftic  gas  to  a  decompofition  of  part  of  the  water.  The  compound  called 
iron  then  gives  out  fomething,  and  takes  in  fomething,  in  all  the  common  proceflTes.  And 
the  modern  chemifts  ihould  correal  the  miftake  they  appear  generally  to  have  fallen  into, 
of  taking  it  for  granted,  that  was  a  fimple  fubftance  which  in  iz€t  is  a  chemical  compofi- 
tion  of  iron  with  hydrogene.  And  thus  finery  cinder,  which  evidently  difiers  from  hema- 
tites or  any  pure  oxyd  of  iron,  may  be  a  triple  compound  of  iron,  hydrogene  or  phlo- 
gifton, and  oxygene;  which  juft  about  correfponds  with  your  idea  that  it  confifts  of  iron  and 
water. 

It  will  not  follow  frdm  all  this,  that  becaufe  phlogifton  or  hydrogene  fo  generally  exifts 
in  combination  with  zinc  and  iron,  it  muft  be  an  ingredient  in  all  metals.  For  gold, 
arfenic,  filver,  platina,  mercury,  copper,  tin,  lead,  bifmuth,  cobalt,  antimony,  and  manga- 
nefe  are  capable  of  exifting  without  it,  and  accordingly  do  not  commonly  bum  with  flame, 
nor  aflbrd  inflammable  air  by  folution  in  acids ;  though  if  ever  they  exhibit  in  any  of  their 
ftates  blaze  by  burning,  or  phlogiftous  air  with  acids,  this  will  only  evince  the  exiftence  of 
hydrogene  in  them  in  fuch  cafes.  Both  parties  may  thus  allow  that  fome  metals  contain 
phlogifton,  and  fome  do  not.  Nor  will  charcoal,  as  has  fometimes  happened,  be  confounded 
with  phlogifton  according  to  this  view  of  the  matter ;  though  hydrogene  is  often  blended 
with  it.  If  coal  at  anv  time  affords  inflammable  air,  this  is  no  evidence  of  the  converfion 
of  that  fubftance  into  phlogiftous  gas,  but  merely  a  proof  that  the  coal  when  fubmitted  to 
experiment  was  combined  with  the  bafis  of  inflammable  air,  which  it  could  part  with  and 
flill  remain  coal,  though  in  that  cafe  incapable  of  burning  with  flame;  but,  in  a  fufficient 
expofure  to  heat  and  oxygenous  air,  taking  on  without  blaze  the  form  of  carbonic  acid  gas* 
It  may  be  conceded  then  on  both  fides,  that,  though  phlogifton  or  hydrogene  may  exift  with 
coal,  neverthelefs  coal  can  exift  without  phlogifton. 

J  know  not  in  what  manner  thefe  confiderations  may  imprefs  your  mind.    I  have 
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flattered  myfelf  they  have  a  tendency  to  accommodate  and  reconcile  the  gentlemen  of  both 
fides  to  each  other,  and  to  the  truth.  But  in  this  if  I  have  deceived  myfelf,  I  have  only  to 
appeal  to  your  known  experience  and  candour.  It  does  however  feem  to  me  capable  of 
.getting  through  with  much  of  the  difcufTion  not  yet  folved  between  Mr.  Kirwan  and  the 
French  philofophers ;  and  between  yourfelf  and  Meflrs.  Adet  and  Maclean ;  and  I  fuf- 
peft  the  celebrated  experiments  of  Mrs.  Fulhamc  arc  in  no  wife  repugnant  to  this  mode  of 
interpretation. 

Permit  me  to  exprefs  my  fatlsfailion,  before  I  conclude,  that  you  have  not  given  up  the 
points  before  the  philofophical  u^orld,  without  due  examination.  I  no  more  like  unani- 
mous decifions  in  hade  upon  a  quedion  of  fcience  than  of  legiflation.  The  fure  way  to  in- 
troduce errors  both  into  laws  and  into  philofophical  performances,  is  to  aflent  to  new  bills 
and  proje£ls  upon  the  credit  and  authority  of  the  propofcr,  without  compelling  them  to 
undergo  the  amendments  of  debate.  And  I  cannot  help  confidering  your  refufal  to  agree  to 
all  that  the  New  Nomenclature  Men  have  alTerted  ^nd  recommended,  as  a  fortunate  event 
in  philofophy ;  as  I  am  fure,  with  refpefl  to  myfelf,  the  oppofition  you  have  made  has 
caufed  me  to  confider  the  fubjeds  in  difpute  with  greatly  more  attention  than  I  otlierwife 
fliould  have  done.     With  much  refp,e£t  I  beg  leave  to  aflfure  you  that  I  am,  &c. 

SAM.  L.  MlTCHlLL. 


AxNOrATIONS  upon  the  preceding  LETTER, 

Steam  in  an  eolipile-'}  It  is  well  known  that  ignited  charcoal  in  the  gun-barrel  decompofcs 
.  water,  and  that  the  products  are  hydrogene  and  carbonic  acid  gas.  In  this  cafe  the  carbone  is 
burned,  and  the  hydrojgcne  unburned.  Arc  we  to  fuppofc  that  the  water  was  firft  decom- 
pofed'in  Dr.  MitchilPs  experiment,  and  then  reccmbined  by  a  fecond  combuftion  of  the 
hydrogene  ?  or  was  the  effcd  any  thing  more  than  an  increafed  energy  of  combuftion  by 
the  greater  afflux  of  atmofpheric  air  mechanically  impelled  by  the  ftcam  ?  Dr.  Lewis  * 
found  that  the  fteam  from  the  eolipile  always  extinguiihed  his  fires,  unlefs  the  vapour  was 
made  to  pafs  through  a  portion  of  the  atmofpherc.  'Whence  I  infer  that  the  quantities  of 
heat  carried  off  and  rendered  latent  in  giving  elafticity  to  the  hydrogene  and  carbonic  acid 
are.fo  great  as  fpeedily  to  diminifh  the  temperature,  and  terminate  the  combuftioti  of  the 
charcoal;  unlefs,  as  in  the  experiment  of  the  gun-barrel,  there  be  a  fufficicnt  fupplyof  heat 
from  witlA>ut. 

ly  this  unhappy  afociation.]  The  argument  of  aflbciation  of  ideas  fccms  to  militate  ftrongly 
againft  the  reception  of  the  word  phlogifton  in  a  new  fenfe. 

Burning  noithjlame  or  blaze.]  Though  the  author's  arguments  in  favour  of  hydrogene,  as 
tTic  cxclufive  caufe  of  flame,  may  be  hypothetically  applied  to  all  the  inftances  in  which  this 
appearance  is  feen ;  yet  the  contrary  pofition,  namely,  that  bodies,  whether  mechanicfilly  di- 
vided,  fuch  as  the  powder  of  refin  or  coal,  or  chemically,  as  zinc  in  the  elaftic  ftale  dirring 
fublimation,  may  be  fet  on  fire  and  exhibit  the  appearance  of  an  ignited  tranfparent  fluid, 
Tuch  as  flame,  feems  at  leaft  equally  probable.  It  cannot  therefore  be  ftated  as  matter  of 
fad,  that  where  flame  is  there  muft  neeeffarily  be  hydrogene. 

*  Philofoph.  Commerce  of  AIt^,  p.  m. 

•    In 
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In  the  decompo/ithn  of  fat  and  oil  byifire^  i?*^*]  The  dif^^rence  between  the  l^a^i^io;  aflump* 
tion  in  Profeflbr  MitchiU's  letter,  and  the  tBeory  formerfy  maintained  by  Mr.  Kirwan,  and 
ftated  by  him  in  the  Introduflion  to  his  Work  upon  Phlpgifton,  appears  to  be,  that  the 
former  does  not  fuppofe  his  phjogifton,  or  principle  which  affords  flame,  to  be  eflential  to 
the  metallic  ftate,  but.  merely,  as  I  conceive  it,  accidental  in  that  clafs  of  combuftible  fub- 
ftances.  He  follows  Mr.  Kirwan,  by  firll  direding  his  attention  to  tlic  univerfality  of  hy- 
drogene  in  organized  bodies,  and  then  endeavouring  to  (hew  that  it  exifts  in  fulphur,  phof- 
phorus,  zinc,,  and  iron^i  i^  their  ordinary  combuftible  ftate.  It  has  not  yet  been  (hewn 
that  aqueous  fulphuric  acid  can  be  produced  by  the  combination  of  fulphur  and  oxigene,, 
without  the  prefence  of  water  ready  formed-  The  fame  obfervation  more  ftrongly  applies 
to  phofphorus,  which  Lavoifier  converted  into  the  folid  acid  by  the  burning  glafs  in  a 
vefTel  of  oxigenc  gas  over  mercury.  In  the  obfervations  on  zinc  and  on  iron,  we  lool^  in 
vain  for  the  experimentum  crucis,  which  muft.  be  exhibited  before  the  fuppqfed  faft  that 
metals  contain  hydrogenc  can  be  admitted. 

I  have  ventured  to  make  thcfc  remarks  on  the  Profeflbi's  Ingenious  communication,  with- 
out aiming  at  the  eftabUftment  of  pofitions  contrary  to  thofe  he  has  offered.  The  queftions 
he  treats  muft  be  decided  by  plain  fafts,  if  fuch  can  be  found.  Till  this  be  done,  they  re- 
main among  the  mafs  of  unknown  pcopofitions,  concerivng  which,  we  ought  neither  to 
afl5rm  nor  deny. 


Experiments  §n  the  Compofition  and  Pr§paPtion  of  Carbon  in  Bitunuins  at^d  Mineral  Coal. 

By  Richard  Kjrh^an,  £fq.  F.  R^  S.  L.  isT  E.  M.R.  I.  A.  isTc. 

xxN  cxaft  knowledge  of  the  component  parft  of  the  different  fpecies  of  mineral  coal,  and 
alfo  of  bitumens  (fubftances  which  moft  of  them  contain)  forms  an  obje£l  of  foipe  im- 
portance, not  only  to  the  naturalift  whofe  views  arc  merely  fpeculative,  but  to  the  pra£tical 
occonomift,  who  wiihes  to  extra£l  from  each  fpecies  all  the  advantages  it  is  capable  of  yield- 
ing, and  to  be  epabled  to  compare  the  Various  kinds  afforded  by  different  countries,  in  order 
to  obtain  and  employ  that  which  (hall  on  the  com'parifon  appear  to  him  beft  fuited  to  his 

intentions. 

In  effefl,  coals  are  not  only  applicable  to  the  more  ufual  purpofes  of  combuftion— an  ufe, 
fimple  as  it  may  appear,  attended,  according  to  their  various  fpecies,  with  a  confiderable  dif* 
ference  of  calefaAive  power  both  in  intenfity  and  duration,  but  alfo  to  the  produfiion  of 
vamifhes,  much  more  advantageoufly  applicable  in  many  inftances  than  thofe  extrafted  from 
the  Vegetable  Kingdom,  as  Lord  Dundonald  has  difcovered,  and  abundantly  proved*,  and 
alfo  of  that  charred  reGduum  called  coak,  the  only  one  that  can  be  reforted  to  in  many 
cafes,  and,  in  moft,  fuperior  to  vegetable  charcoal. 

♦  Upon  the  moft  minute  enquiry  why  coal-varniih  is  not  more  commonly  employed  in  paying  the  bottoms 

of  (hips,  I  have  been  informed  the  principal  reafon  is,  that  it  fucceeds  too  well  ^   the  (hips  not  requiring  fuch 

frequent  repair.    K. 

Coals 
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Coals  and  bitumens  are,  howeveri  fubftances  that  refifl;  the  ufual  modes  of  analyiis ;  thejr 
elude  the  a3ion  of  aqueous,  acid,  alkaline,  or  fpirituous  menftruums  \  and  diftillation,  the 
only  mode  liitherto  ufed,  confounds  and  varies  their  natural  contents. 

Reflefting  on  thefe  obftacles  to  an  exa£t  difcrimination  of  bitumens  and  coals,  and  of  the 
various  kinds  of  thefe  lad,  it  occurred  to  me,  that  partly  by  combuftion  and  partly  by  their 
efficacy  in  decorapofmg  nitre,  the  fecret  of  their  internal  compofition  might  poffibly  be 
unveiled. 

1.  Combuftion.  I  have  obferved  that  all  the  fpecies  of  folid  bitumen  properly  fo  called, 
when  laid  on  a  red  hot  iron,  burn  with  a  large  bright  flame,  fmoke  and  foot,  leaving  none 
or  fcarce  any  coaly  reCduumi  and  only  a  little  aihes : 

That  the  fofter  bitumens,  as  maltha,  burn  in  the  fame  manner,  leaving  no  coal,  but  only 
a  little  aOies,  and  requiring  no  increafe  of  heat  for  their  entire  confumption  : 

That  afphalt  bums  with  flame  and  foot,  but  melts  and  fwells,  and  requires  for  its  entm 
confumption  an  increafe  of  heat,  leaving  fcarce  any  coal,  and  but  little  afhes. 

It  is  moreover  well  known  that  liquid  bitumens  contain  inflammable  air  and  carbon : 
that  they  abforb  atmofpheric  iair  when  long  expofed  to  it  and  light :  that,  in  confcquence 
of  this  abforption,  they  arc  thickened,  blackened,  and  condenfed,  firft  into  mineral  tar,  then 
into  mineral  pitch  or  maltha,  and  laftly'into  afphalt :  that  almoft  all  fpecies  of  mineral 
coal  yield  more  or  lefs  of  both  fpecies  of  bitumen  in  diftillation,  leaving  a  (hining  coaly 
refiduum  ;  but  that  the  proportion  is  variable  in  every  fpecies  according  to  the  degree  of 
heat  applied;  that  the  refiduum  always  obftinately  retains  a  proportion  of  bitumen,  and  that 
confequently  diftillatiop,  in  addition  to  its  other  imperfediions,  is  an  infufficient  medium 
whereby  to  difcem  the  proportion  of  carbon  and  bitumen,  and  confequently  to  difcriminate 
the  various  forts  of  mineral  coal  from  each  other. 

2.  Decompolition  of  nitre.  It  has  long  ago  been  remarked  by  the  juftly  celebrated 
Macquer  *,  that  nitre  detonates'  with  no  oily  inflammable  matter,  until  fuch  matter  is  re- 
duced to  a  coal,  and  then  only  in  proportion  to  the  carbonaceous  matter  it  contains.  An 
obfervation  the  truth  of  which  will  fully  appear  in  the  fubfequent  experiments  >' 

Hence  it  occurred  to  me  that,  Hnce  in  the  zfX  of  detonation  nitre  is  always  totally  or  par- 
tially decompofed,  and  fince,  where  carbonaceous  compounds  are  employed,  this  decompo* 
fition  arifes  folely  from  the  mere  carbonaceous  parts,  and,  every  thing  elfe  being  equal,  is 
proportioned  to  the  quantity  of  mere  carbon  they  contain ;  and  fince  moft  fpecies  of  coals 
are  compounds  of  mere  carbon  and  bitumen,  as  appears  by  the  products  of  their  diftil- 
lation ;  it  fliould  follow,  that,  by  the  decompofition  of  nitre,  the  quantity  of  mere  carbon  in 
a  given  quantity  of  every  fpecies  of  coal  may  be  difcovercd  ;  and  this  being  known,  that  of 
bitumen  may  be  inferred ;  and,  the  other  uneflential  ingredients  being  dete£lcd  by  incine- 
ration, the  whole  contents  of  coaly  fubftances  might  be  afcertained. 

The  compofition  of  bitumens  alfo,  as  far  as  relates  to  their  proportion  of  carbon  and  oil, 
may  be  evidenced  in  the  fame  manner;  and  here  it  is  to  be  obferved,  that  the  bitumens  I 
here  confider  are  thofe  ihat  arfe  found  in  a  dry  or  folid  ftate,  and  that  thefe  contain  a  larger 
proportion  of  carbon  than  the  liquid  bitumens  ;  for,  though  thefe  laft  alfo  contain  carbon,  it 
being  an  eflential  component  part  of  all  oils,  yet  this  portion  docs  not  extricate  or  educe 

**  Dicfcion.  Chym.  ftcond  edition,  4S1, 
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any  air  from  nitre,  ndr  confeqnently  contribute  to  its  decompofitionf  as  the  fubfequent 
experiments  fufficiently  erince;  but  is  confumed  partly  by  the  pure  air  fpontaneoufly 
emitted  by  nitre  during  its  ignition,  and  partly  by  the  ambient  atmofpheric  air. 

Nay,  when  mineral  coal  is  employed  in  the  decompofitioa  of  nitre,  the  fluure  which  the 
mere  carbonaceous  part  of  the  bitumen  contained  in  it  contributes  to  the  decompofition 
will  be  foimd  fo  fmall  that  it  merits  no  confideration  in  the  general  account. 

The  firft  llep  towards  carrying  this  analytic  plan  into  execution  muft  therefore  boi  to 
determine  the  quantity  of  pure  carbon  neceflary  to  decompofe  a  given  quantity  of  pure 
nitre.   But  here  many  praftical  difficulties  occur,  which  (hall  prefently  be  mentioned.  The 
moft  perfe£l  method  of  obviating  them  was  that  employed  by  the  ever  memorable  Lavoifier : 
he  mixed  the  purell  nitre  with  charcoal  alfo  purged  of  the  inflammable  as  well  as  other 
airs  and  water  which  it  ufually  abforbs,  in  the  proportion  which,  after  feveral  trials,  he 
found  requifite  for  the  entire-decompofition  of  that  fait,  rammed  them  into  a  copper  tube, 
fired  them,  and  continued  the  inflammation  under  water ;  by  which  means  the  charcoal  was 
a£bd  Qn  folely  by  the  air  educed  fromHhe  nitre  to  the  entire  excluCon  of  the  external  ais» 
and  this  air  was  educed  folely  by  the  ignited  charcoal  to  the  entire  exclufion  of  external 
heat  %  advantages  that  cannot  be  procured  by  the  ufoal  mode  of  efleAing  this  decompo* 
fition.  Thus  he  found  the  proportion  of  charcoal  neceflTary  for  the  entire  decompofition  of 
nitre,  to  be  as  i  to  7,57,  or,  in  other  words^  that  13,21  parts  charcoal  decompofe  100  of 
nitre  *  :  and  yet  even  in  this  experiment  I  find  a  fmall  inaccuracy^  as  he  did  not  take  the 
water  employed  in  mixing  the  nitre  and  charcoal  into  the  account ;  and  hencey  and  fat 
Ibme  xtther  reafos^  the  detail  of  which  would  lead  mc  too  far,  I  think  the  proportion  Ihould 
be  as  I  to  7,8<8  neariy,  or  that  12,709  charcoal  decompofe  100  of  nitre  \  but  the  difference 
is  of  little  importance. 

This  mode  of  experimenting,  however,  ijB  inapplicable  on  the  prefent  occaGon  \  the  dif- 
ferent fpecies  of  mineral  coal  being  not  fo  readily  inflammable  as  to  carry  on  the  combuilioa 
in  this  manner.  Hence  I  contented  myfelf  with  the  common  manner  only,  ufing  fuch  pre« 
cautions  as  to  render  its  rpfults  tolerably  uniform,  and  repeating  each  experiment  feveral 
times. 

I  exanuned  the  purity  of  the  nitre  I  employed  by  nitrated  filver,  and  found  by  the  quan- 
tity of  falited  Clver  produced^  that  480  grains  of  the  nitre  contained  3,5  grains  of  commom 
fait  (135  grains  of  muriated  filvibr,  indicating  looof  comnK>n  fait):  hence  the  conflant  quan- 
tity of  nitre  I  jufed  was  483^5  grains,  except  in  the  experiments  on  bitumens,  as  I  lud  not 
tnoughof  them  to  expend  in  fo  large  a  quantity  of  nitre. 

The  ni^re  washeated  barely  to  rednefs,  before  any  coal  was  proje£ted  on  it,  in  a  wind  fur- 
nace and  ^  very  large  crucible ;  upon  this  uniform  degree  of  heat  much  of  the  uniformity 
of  difierent  experiments  on  the  fame  fpecies  of  coal  depends. 

In  my  firft  experiments  the  coals  were  reduced  to  a  very  fine  powder,  and  then  projcdlcd 
X)n  the  ignited  nitre  •,  but  I  obfcrved  that  by  this  metho4  much  more  of  each  fpecies  of  coal 
was  requifite  to  alkalize  the  (landard  quantity  of  nitre,'  than  when  it  was  reduced  to  a  coarfe 
j>bwder  about  the  fize  of  a  pin's  head,  or  fomewhat  larger ;  and  the  reafon  is,  that  by  the 
iorce  of  the  explofion  much  of  the  finer  powder  is  carried  off,  without  having  been  in 

"*  11  Mem.  Sqav.  Ktrang.  626. 
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tonta^l  with  tlie  sitre.  Hence  iii  the  experiments  of  Mr.  Hielm  on  tile  quantities  of  cha^* 
(poal  of  different  woo'ds  reqiii6fe  lo  alkalize  too  parts  of  nitre»  we  find  theft  quantities  tcT 
bear  for  the  moft  part  fome  analogy  to  their  fpecific  gravities^  being  generally  fniallet  Hihtn 
the  fpecific  gravity  of  the  charcoal  is  lighter  \  thus  *: 

tjrains  requifite  to  alkaliife  io'(5  gfiiA^  bf  hhi^i 

,  Specific  gravity.  Firft  experiment.  Second  diU()» 

Oakrcoal  —  0*33^  ■■■  "•'•  35  -*-^^  30 

Birch-coal  -*— r-  0.54a  — --^         ^    at  — =^  22 

Fine-coal  .^ — *  0.280  — —  29  ■  '  ■  ■  20 

Fix-coal  — r^  0.44.1  3  J  ^"'•'^  ^S 

Coak  ■  0.744  ;  -■••"  19 

•  Another  circumftance  of  great  importance  towards  ptttcuring  juft  and  uniform  rcfults  is^* 
fhftt  bhe  projeflbions  of  coal  fliould  fucceed  each  other  without  delay  as  foon  as  the  flame 
veafes ;  for,  as  ignited  nitre  gives  ottt  putc  air  fpifhifaneot'flyy  and  fo  nmch  the  more  as  it  is 
Aiore  heated,  the  acid  will  be  decompofed,  and  the  nitre  alkalized^  by  a  quantity  of  coal  fo' 
taiuch  the  fmaller  as  the  intervals  of  proje£tion  are  longer.  From  inattention,  perhaps,  to 
this  and  the  laft-iiftentioned  particular,  as  well  as  from  vafious  conditions  of  conmion  chat- 
coal,  which  feldom  contains  lefs  than  ^^^  and  often  {-  of  its  weight  of  moxfture  and  ab- 
forbed  air,  proceeded  the  various  rcfftlts  of  different  chemifts,  with  refptJft  to  the  proportion 
of  it  neceflary  to  alkalize  nitre. 

Tt  is  almoft  fuperfluous  to  add,  that  iht  charcoal  flioulcl  be  projefled  in  very  fihall  pot^ 
tions.  I  feldom  projeAed  more  than  one  or  two  grains  at  2t  time  :  each  operation  lafte<l 
from  20  to  25  minutes  nearly. 

There  is  always  fome  portion  df  nitre  itildiecompofed,  being  proteftcd  by  the  furrounding' 
alkali.  This  error  is  unavoidable^  but  very  fmall.  tVen  thfe  pofition  of  the  crucible  in  the 
furnace  is  not  indifferent ;  foir,  if  it  be  n^ar  the  flue,  more  coal  mud  be  employed,  which  I 
attribute  to  the  torrent  of  air,  which,  in  that  cafe,  aflfefls  afid  carries  away  more  than  whcfi* 
(he  crucible  is  nearer  to  the  anterior  part  of  the  furnace. 

It  may,  perhaps,  be  fufpedled  that  this  and  fome  other  incidental  ertors  may  be  avoided 
by  previoufly  mixing  the  tiitre  and  tbal,  and  projecting  the  ifTixture  in  fmall  portions  intb 
a  red-hot  crUtible  ;  but  not  to  mention  that  this  method  fuppofes  the  due  proportion  of 
thefe  two  fubftances  to  be  known,  which  cannot  be  till  after  the  experiment,  and  that  alfb 
•very  atom  of  thefe  fubftances  is  in  perfe£t  contaft  with  the  other  fubftance,  elfe  they  can- 
tiot  a£t  on  each  other— independently,  I  fay,  of  thefe  unfounded  fuppoCtions,  this  mode 
•f  experimenting,  is  ftill  more  fallacious  than  the  former,  as  during  thefe  projeCtioxis  a  cod* 
(iderable  proportion  of  the  nitre  is  fcattered  and  difperfed,  and  itiay  be  feen  adhering  to  the 
fides  of  the  crucible.  This  lofs  being  repeated  at  every  projection,  becomes  af  laft  intolerable* 

I  now  prt)ceed  to  relate  the  experiments  thcmfelves,  condudted  in  the  manner  I  have 

mentioned.    The  different  fpecies  of  cdal  and  bitumen,  whofe  compofition  I  hare  thus 

examined,  were  S!!ilkenny  coal.  Maltha,  Afphalt,  Lancaihire  cannel.  Slaty,  Scotch  cannel^ 

Whitehaven,  Wifjan,  Swanfey,  and  Leitrim  -,   felefting  of  each  fort  the  pureft  fpecimens, 

^ree  from  pyrites  and  rifible  ftony  matter. 

■•'•Sch^'cd.  Abhand!.  1781,  i%t» 

5  Kilhtjny 
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Kilkinnj  CoaL 

IT$  colour  Is  black,  aimHi  wKen  fr^  brok«a,  frequently  Tioict. 

Luftrc  4>  Metallic.    Tranfparcncy  o  ♦•  - 

Tra£ture  foliated,  the  oourfe .  of  the  lamella^  Tarioufly  and  confufedly  dire^ed.    Frag^ 
idents  rather  iharp,  and  often  difcoverlng  between  the  diftin£l  concretions  whiti(h  illinitiou& 

Harduefs  7.  Speci^c  gravity  i,526« 

Does  not  bum  uadl  wholly  ignited,  and  then  flowly  confumes  without  caking  or  emitting 
$ame  or  fmoke.  266  grains  of  it  expoifed  to^a  heat  of  97®  Wedgwood  in  si  crucible  for  fivQ 
hotirs,  did  not  lofc  their  liiftre  until  almoft  ^  of  them  had  difappcared,  and  at  laft  left  red* 
difliafhes  amounting  to  7>i3  grainsj^  neairly  2,7  per  cent.  Frojeding  this  coal  in  fine  powder  , 
on  480  grains  of  pure  ignited  nitre,  I  found  the  fait  required  65  grains  of  the  coal  to  alka«  . 
|ize  it,  but  only  50  grains  when  in  coarfc  powder  \  and  in  a  third  experiment,  when  the  cru* 
cible  was  farther  from  the  flue  of  the  furface,  only  49  grains;  fo  chat  I  look  upon  50  grains 
f  s  bein^  in  round  numbers  neareft  to  the  truth.  That  is,  in  the  proportion  df  one  part  of 
l^lkenny  coal  to  9,6  of  nit^:  or^  (OO  parts  of  nitre  require  for  their  decompo^on  xt^^xh 
•f  Kilkenny  coal.  •^' 

This  proportion  of  coal  is  mu^  fiQalfer  thatfthat  of  charcoal  in  Mr.  ^avqifierV  experi* 
mtnt,  whidi  w«  haTe  fo^  lo  be  as  i  to  7,57,  or  as  13,21  to  100,  which  I  attribute  to  tha  ' 
adrantageotii  m6de  in  ^MKhich  his  experiment  was  inftituted,  as  already  expkuned ;  wfaexoM 
in  rnxncji  vA  Ihe  ufu»l  way,  the  decompofition  of  nitre  is  promoted  by  the  external  heat  * 
^plied,  as  well  s^  by  the  coal,  and  qonfequently  lefs  of  the  coal  is  employed. 

From  the  experiments  of  Scheeie  one  might  be  led  to  infer,  that  the  proportions  of  ehatw 
l|oal  and  nitre  neceflary  to  the  alkalization  of  this  latter,  approach  ftill  nearer  to  each  other 

^  The  figures  macle  ufe  of  by  this  audiar  to  denote  degrees  of  luftre,  traniparency,  hardA^Tt,  amd  (harpaefa  of 
fragmenu,  are  ex]ilained  in  the  following  Table,  whicli  1  have  conftru6ted  from  his  fe£kion  upon  the  diftin6tivp 
charaftcra  of  minerals. 


i^-> 


Kumbers  or 
Degrees. 


dip 


Tranfparency. 


Fragments, 


I 


Noae. 


I 


None. 


I     PerTettiy  blunt. 


•MM 


Exceedingly  weak  ;  or  a  few  fliining 
particles. 


'*  ■' 


Gloify  ;  not  more  than  of  filk. 


Only  at  the  edges. 


Leis  blunt. 


Tranlmits  light»  but  not  lulliciencro 
difcem  objefis. 


"»- 


Sharp. 


Shining;  as  of  cryflals  or  of  metals 
not  aouoh  pohflied^ 


Tranfmits  light  enough  to  fliew  ob-  i       .^       |. 
jefts  impcrftaiy  through  the  mafs.  j.       ^^^  "**T*- 


.   fall  '  ■  J  ,j. 


Bhghcefti  as  of  diamondit  or  po- 
lifKed  metals. 


Obje^s  clearly  diltinguittM:d  through  |  Mod  iharp;  as  of. 
the  mafs.  |  glafs. 


■*W" 


-r*»- 


On  account  of  the  higher  ran^  of  numbers,  degrees  of  hardncfs  coulA,  not  conveniently  be  included  ia  the 
aboTe  Table.  No.  3,  dehqcet  the  hardncfs  of  chalk  ;  4,,  a  fuperior  hardnefs,  but  yet  what  yields  to  tlte  naiU 
|,  that  whith  will  not  yielfi  to  the  nail^  but  eafiiy  and  without  grittinefs  to  the  knife;  6f  that  which  yicldi 
more  difRcyltly  to  ^he  knife  \  -jt  that  which  fcarcely  yields  to  the  knife  ;  8,  that  whicK  capnot  be  fcrapcd  by  a 
knific,  but  does  not  give  fice  with  ftecl;  9,  that  which  gives  a  few  feeble  fparks  with  fteels>.as  baO^lt;  10,  that 
v-'hicH  gives  nlcntUv^l.livly  fparks,  as  flint,    N, 

\         '  3  R  ^  '  •  than 
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than  in  Lavoifier^  (latement,  and  confcqucntly  inuch  nearer  than  In  min^ :  for,  in  hit  Eflaf 
on  Plumbago,  h^  tells  us  that  five  parts  nitre  are  fafficient  to  coufume  one  of  charcoal,  and 
confequently  it  fliould  feem  that  one  part  charcoal  ibould  decompofe  no  more  than  five  of 
nitre.  The  confequence  however  is  not  juft,  for  undoubtedly  five  parts  nitre  woufd  con- 
fume  one  of  charcoal,  but  it  does  not  thence  follow  diat  they  would  not  confunre  ftUL 
more.  Cn  the  other  hand,  he  found  that  ten  parts  nitre  were  neceflary  for  the  confumption 
of  one  part  of  phiitibago ;  whence  it  follows,  that  one  part  of  plumbago  decompofes  ten  of 
nitre,  otherwife  nine  parts  nitre  would  fufEce  to  confume  it,  and  the  tenth  would  have  been- 
unneceflary,  as  it  a^s  only  as  it  is  decompofed.  Now  thb  proportion  approaches  very 
nearly  to  my  refults  ;  namely,  one  of  charcoal  to  9,6  of  nitre. 

Hence,  and  fince  Kilkenny  coal  in  the  preceding  experiments  &ewed  no  fign  of  its  con« 
tatning  any  thing  bituminous,  I  take  it  for  granted  that  it  confifts  almoft  entirely  of  pure- 
carbon  ;  and  fince  50  grains  of  it  alkalize  480  grains  of  pnve  ignited  nitre^  that  in  sdl  the 
fabfequent  experiments  on  other  fpecits  of  coals  or  Intumens  free  from  fulphur  and  iron^ 
the  decompofition  of  this  fiandard  quantity  of  nitre  will,  indicate,  in  the  quantity  of  coaL 
neceflary  for  that  decompofition,  the  prefence  of  50  parts  of  mere  carbon. 

Before  I  proceed  to  the  recital  of  other  experimcntsxl  mud  mention  another  drcumftance- 
that  occurs  in  making  them,  which  is,  that,  after  the  inflammation  ceafes,  a  hifling  n<nfe  is^ 
perceived  for  a  long  time,  and  is  increafedon  adding  freflv  4|uantities  of  coal,  even  when 
tke  nitre  is  feemingly  decompofed.  This  (eemed  to  me  to  arife  from  the  decompofition  of* 
the  nitrous  aur,  or  mephitized  nitrous  acid,  of  which  a  portion  is  always  retained  by  the. 
alkali ;  and  confequently  I  paid  no  attention  to  it,,  but  •Iways  ceafed  adding  coal  when  the. 
inflammation  totally  ceafed. 

JtfaltSak 
ITS  colour  is  dark-brown,  or- black. 

Luftre  o.  Tranfparency  o.     Fradure  uneven,  tough.  Specific  gravity  2,070; 
It  feels  fomewhat  greafy,  yields  to^compreffion,  has  a  heavy  (mell,  acquires  a  poH(h  when* 
fcraped;  does  not  adhere*  to  the  tongne,  or  fiain  the  fingers ;  ka  flame  high  andbright^ 
leaving  no  coal,  but  only  a.  little  aflies.  1 

Having  but  a  fmall  quantity x>f  this  Aibftance,  I  on  this  oceafion  ufed  only  240  grains^  ot 
nitre  :  when  it  was  heated  to  rednefs,  I  threw  on  it  one  grain  of  vegetable  pitch;  it  im^ 
mediately  inflkmed,  but  floated  quietly  on  the  furface  of  the  nitre,  and  decrepitated  like 
common  fait  fromr  the  moifture  it  contained  :  the  flame  was  partly  white  from  the  aflion  of 
the  air  fpontancoufly  emitted^  by  the  nitre,  and  partly  yellowifli  from  the  zBdon  of  the  am^ 
bient  atmofpheric  air,  but  fl.eady,  and  unattended  with  thofe  turbulent  guihes  that  attend, 
die  decompofition  of  nitre  by  carbonaceous  fubftances* 

1  then  gradually  proje£^ed  on  it  55  grains  of  maltha,,  which  was  alM  had :  this  burned' 
)u(t  as  the  pitch,  but  attended  with  a  blacker  fmoke-;  yet  the  nitre  was  fo  far  from  being 
alkalized,  that,  to  produce  this  efle&,  I  was  obliged  to  throw  on  it  29  grains  of  cannel  coal. 
Now  33,5  grains  of  cannel  (foal^  if  it  alone  had. been  ufed,  would  fufiice.  to  alkalize  40 
grains  of  nitre  :  it  will  prefently  be  feen,  therefore,  the  55  grains  of  maltha  and  the  one 
grain  of  pitch  contained  no  more  carbon  than  33^5  -^  29  =  4,5  grains.  Therefore  ico 
grains  of  maltha  contain  no  more  than  8  grains  of  carbon.  And  as  thefc  8  grains  of  car- 
bon provoked  no  turbulent  eruption  of  air  from  the  nitre,  it  is  plain  they  did  not  contribute 

to 
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to  its  decompofitionj  but  were  taken  up  hj  the  air  it  fpontaneoufly  emitted^  and  partly  by  the 
ambient  atmofphcric  air. 

4ffiiak. 

'  FTS  colour  18  greyiih  blaek.    Luftre  2.3.  greafy.    Tranfparehey  o. 

Fradure  perfedily  conchoidali  Hardnefs  from  7  to  8|  very  brittle.  Specific  gravity  froih 
i>07  to  1,165  by  my  trials.  It  feels  fmoothi  but  not  greafy$  has  no  jQnelli  except  while 
pounding  j  does  not  ftain  the  fingers ;  when  heated  it  melts^  fwells,  and  at  laft  inflames  ^ 
but  it  requires,  for  inflammation,  a  higher  heat  than  maltha  does^  and  leaves  no  coalj  and 
fcarce  any  aflies. 

Of  this  bitumen  I  found  161  grains  requifite  to  alkalize  the  ftandard  quantity  of  nitre:- 
it  vifibly educed  air  from  the  nitre ;  for  there  were- eruptions  from  timr  to  time.  I  fuppofe 
when  the  more  oily  part  was  confumed,  and  the  carbonaceous  laid  barci  much  of  the  flame 
wasaHbyellowifli.  Hence  161  grains  of  afphak  contain^only  50of  mere  carboui  that  1$, 
nearly  31  per  cent. 

Mr.  Thory,  burning  it  in  a  low  heat,  found  it  to  leave  about  of  its  weight  of  coal 
after  melting,  fwelling  and  inflaming  as  ufual"*:  howeverihis  afphs^  was  not  pcrfeQly  purci 
as  he  obtained  fulphur  from  it; 

Canml  Coal. 

ITS  colour  is  bhck.  Luftre  a.  Common  when  frefh  broken,  often  barely  i.  Tranrpa- 
ftncy  o. 

Grofs  fraAure  conchoidaL  Fragments  rather  (harp.  Hardnefs  from  7  to  8.  Specific 
gravity  by  my  trials  1,232,  by  Dr.  Watfon's  1,273 ;  does  not  ftain  the  fingers,  eaCly 
kindles  without  melting,  and  bums  with  a  large  bright  flame,  but  of  fhort  duration,  leav- 
ing a  large  coaly  refiduum  *,  does  not  cake.  240  grains  of  it,  heated  until  all  the  coaly  part 
was  confumed,  left  7,5  grains  of  reddiOi  brown  alhes,  moftly  argiilaceous,  that  is,  3,12 
per  cent. 

66,5  grains  of  it  were  fufficient  to  alkalize  the  ftandard  quantity  of  nitre.  It  burned  with 
a  Targe  bright  flame,  except  the  laft  portion,  which  was  yellowifli,  the  pure  air  of  the  nitre 
being  then  exhaufted.  Hence  66,5  grains  contained  50  of  pure  carbon,  and  2,08  of  afhes  \ 
then  dedudiing  52,08  from  66,5,  we  find  the  quantity  of  bitumen  equal  14,42.  Then 
100  parts  of  it  contain  75,2  of  carbon,  2ix68  bitumen  of  the  fort  called  maltha,  and  3,1  o'f 
aflies. 

I  take  this  bitumen- to  be  maltha,  from  its  quick  inflammability^  and*  the  (hort  duration 
and  brightnefs  of  its  flame,  both  which  properties  indicate  the  moft  inflammable  of  the 
bitumens,  and  whofe  flame  is  leaft  durable  from  its  refu(al  to  cake  (caking  being  a  pro^ 
perty  arifing  from  the  fufion  of  afphart),.and  the  difficult  combuftibility  of  the  carbonaceous 
iJubftance  that  remains  after  the  ceflation  of  its  flame^-qualitres  that  counter-inditate  afpbalt* 

Slaty  Cannel  Coal. 

THAT  which  I  employed  was  from  Ayrlhire  in  Scotland,  the  only  one  of  this  (bft  iin« 
ported  to  Dublin^ 
Its  colour  is  black*     >  .^ 

•  6  Crcir$  Chyro.  Jour,  iu 

^^  Its 


494  JpropdrtifffifefBtrrhnmMfiera}Goah 

Its  luftfc  t.    Gpmmon.    Trawlparehcy  a 

Its  fraAurc  partly  flaty,  partly  imperfe&ly  conchoidal ;  fraginents  iharpy  . 

Its  Kardnefs  from  5  to  8.    Specific  gravity  I|4ft6  kf  my  triak. 

It  burns  like  the  comp^fk  cattnel*  but.  oeaics  fooner  to  flame  j  docs  not  caka^teafet  n^ 
ftcfny  refidunro*  240  grains  bl  it,  treated  as  before  me^tione^j  leave  50  of  reddifli  grej^ 
nihes,  equal  20,83  per  cent.  Frona  the  fraeU  that  ifliies  from  it  during  igni^ny  I  dpx  led  toi 
think  it  contains  fome  pcqction  of  fulpkuf* 

To.  allq^ze  48q  ^axns  of  nitWi^  105  grained  pf  this  coal  were  em|)lojed«  It  burned  like 
the  former  with  a  large  white  continued  flame,  except  the  laft  portions.  Hence  this  quan-* 
tity  contained  50  grains  of  mere  carbon ;  9^i  fince  it  alfo  contained  20,83  ^^  2(hes,  the 
^ejmainder,  namely  34,159  muft  have  been  bitumen.  Then  100  parts  of  it  contain  47,62  of 
carlnm,  32,52  of  bitumen,  and  about  ao  of  af^s.  Some  dedu£lion  however  from  thefo. 
quantities  of  carbon  and  bitumen  may  be  n^de  by  reafon  of  the  fmall  proportion  of  fulphui^ 
contained  i^  it.  This  bitumen  I  take  to,  be  n^ialtha,  and  nqt  afphalt,  for  the  reafons  I  men- 
tioned in  treating  of  compafk  cannel. 

It  is  from  a  coal  of  this  fort  that  Lord  Dundonald  extr^£%s  his  tar,  as  maltha  eafily  ^(lils  i^ 
but  it  is  probably  of  a  better  Vnd,  as  this  ftony  kind  exifts  moftly  vx  Ayrihire. 

'By  his  Lordfiiip's  mode  of  diftillatipn,  however,  much  feems  to  be  loft  during  the  internal 
oombuftion.  I  {ho\dd  think  the  Prince  of  Naflau  Saarbruck's  method  in  this  refpeft  more, 
advantageous.  Mr.  Sage  tells  us,  that,  by  diftill8tion»  he  obtained  from  cannel  coal  ^  of  iti^ 
weight  of  ^ar  *  ;^  hjaX  Mr.  Faujas,  who  ufes  Lord  Dundonald's  piethod,  obtains  from  the 
coal  of  Decire,  which  feems  to  be  of  this  kind,  only  4  per  cent,  of  1;ar  f.  Faujas  alfo  obr 
ferved,  that  this  tar  is  gradually  converted  into  afphalt  by  long  expofvuce  to  the  air,  whicH 
Confirn\s  the  difference  I  have  eftabliflied  between  the  tyfo  bitumenst 

Whitehaven  Coal. 

ITS  colour  IS  black. 

Its  luftre  3*  Greafy.    Tranfparency  o. 

Its  fracture  plane  foliated.  Its  fragnxents  2,  often  difcov^ring  qu^caingular  or  cubic 
4iftiliA  concretions,  fometimes  interfecled  with  browniOi  red  flakes. 

Its  hardne^  6,  very  bjittle.  Specific  gravity  1,^57  by  my  trials.  Stains  the  fingers^ 
f^rticulajrly  when  moift. 

It  bums  at  iirft  with  a  clear  flame,  and  for  a  long  time  ;  but  at  Idft  cakes.  240  grains  of 
it,  after  five  hours  {^rong  heat,  left  only  4  grains  of  reddifli  afhes,  or  about  1,7  per  cent. 

The  ftandard  quantity  of  nitre  was  alkalized  by  88  grains  of  this  coal.  Hence  100  grainy 
pf  it  conuined  nearly  57  of  mere  carbon,  41,3  of  a  mixture  of  maltha  and  afphalt,  and  1,7  ot; 
«4hes.  That  it  contains  both  maltha  and  afphalt  is  evident  from  its  flame  and  caking.  T^ 
proportioif  I  cannoi  exaftly  afcertaii\^  but  moft  probably  the  ajfpjhialt  Drecjominaf 5s. 

Wigan^  Coal. 
ITS  colour  is  black. 
Its  luftre  3.  Grcafy.     Tranfparency  a 

Its  frafture  plane  foliated.     The  lamellx,  fome  uniformly,  fome  promifcuoufly  dircfted. 
In  the  grofs  often  flaty  -,  forms  fcpara^^  concretions,  often  with  bright  yellowiOi  illinitions.* 

•'  Roi.  Joura.  p.  i^.  ^  R02.  Jourug  p.  1S8. 

It4 


Its  h^rdnefs  6.    Specific  gravity  x»268  by  my  trials.    It  burns  with  a  bright  flame  and 
iquicker  than  the  foregoing,  and  is  Ie&  apt  to  cake.     31S  graiht  of  it,  eizpofed  as  the  former  . 
to  a  ftrotig  heat,  left  5,13  graiiu  of  afiies,  that  isi  ii57  per  cent.  81  gpins  of  it  decompofed 
480  grains  of  nitre.    Hence  100  grains  of  it  coataia  6if73  of  carbon^  36^7  of  a  mixture  of 
hialtha  and  afphalt,  and  1,57  6{  aihes. 

It  feems  to  contain  a  larger  proportion  of  maltha,  w|di  refpe^  to  its  quantity  of'  afphali^ 
than  Whitehaven  c6al  do^S. 

Swanfij  Coal, 
ITS  colour  is  black 

Its  luftre  2.    Tranlparency  &. 

Its  frafiure  foliatcdj  but  fomle  lamdUe  being  at  right  angles  with  the  other^  give  it  a 
fibrous  or  (Iriated  appearance.    Fragments  a. 

Its  hardnefs  5,  very  brittle.    Specific  gravity  1^57  by  my  trials. 

It  burns  more  flowly  than  the  former,  and  cakes.  ' 

240  grains  of  it,  treated  as  the  former  kinds,  left  8  grains  oTyedowifh'red  aflies;  that  iSj 
tqual  3,33  per  cent. 

Of  this  coal  68  .grains  were  requifite  to  decompofe  480  grains  of  nitre.  Then  100 
grains  oLit  contain  73,53  of  carbon,  23,14  of  a  mixture  of  maltha  and  afphaJt,  ind  3,33 
of  aflies.     The  afphalt  ft^ms  to  predominate. 

Ltltrim  Coal. 
ITS  colour  is  black. 

Its  luftre  when  frefh  bvoken  3.     Tranfparency  o. 

Its  fra£lure  foliated.    Its  fragments  2. 

Its  hardnefs  6,  very  brittle.     Sjpccific  grayity  .l|»35 1  by  ipji:  .trijils.    It  ilight^y  Ci^ikes.  - 

240  grains  of  it  left,  after  three  hours  ,e;ipofi^re  to  beat»  12,5  graix^  of  rcddiih  girey 
Bihes,  that  is,  equal  5,2  per  cent. 

The  decompofidon  of  the  ftandard  quantity  of  mtre  required  70  grains  of  this  coaL 
Hence  lop  grains  of  it  contain  71)43  of  carbqn,  23,37  of  a  mixture  of  maltha  and  afphak, 
and  5,2  of  afhes. 

I  HAD  none  of  this  kind  of  coal  i  but,  according  to  iff.  Watfon's  evperiment,  it  left  to 
diftillation  a  coaly  refiduum  amounting  to  58  per  cent,  and  hence  contained  about  40  of  a 
Inixiure  of  afphalt  and  maltha,  in  which  the  former  appears  to  predominate.  Hence  it 
much  refembles  the  Whitehaven  coal  ^  but  it  evidently  contains  fidphur  aHb,  wktch  that  df 
tfhltchdvcn  feldom  doe9. 
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40  Pnporiiofft  of  C^trhn  in  Mineral  Coat* 

AfytHptical  Vietu  tf  the  Cetitenis  of  Bhumins  a&d  dlffiertnt  Sorts  of  Mlfurat  Coal. 
roo  parti 

Maltha 

Afphalt 

Kilkennv 

Compact  cannel 

Slaty  cannd 

Whitehavea 

Wigan 

Swanfey 

lieitrim 

<Newca(Ue 

To  thefe  refults  I  (hall  add  a  few  more  taken  from  a  Treatife  on  Pit  Coal»  lately  publiflied 
by  Signior  Fabroni.  The  Italian  coals  were  examined  by  himfelf ;  the  French  and  German 
by  other  chemifts— *A11  by  diftillation. 

100  parts 

Coals  of  Halles 

of  Tttdertino 
of  CortoUa 
of  Macinaia 
Stony  of  ditto 
4>f  Mocaio 

Thde  coals  contain  Tcry  little  afphalt,  but  chiefly  maltha. 

Moft  coals  afford  a  wlatUe  alkali  by  diftillation : — this  feems  to  me  to  be  tather  a  produft 
of  the  operation  arifing  from  the  union  of  hydrbgene  and  mephitic  airi  and  thus  the  aU 
haline  bafis  of  the  ammomacs  found  on  volcanos  feems  to  have  been  formed.  Coals  alfo 
tflbrd  an  acidj  commonly  the  marine,  or  if  pyritousi  alfo  the  ritriolic,  more  rarely  the 
fuccinous. 

According  to  Mr.  Jars,  100  parts  of  the  beft  Englifh  coal  give  when  charred  63  of 
coaks  t  \  but  Hiehn  found  the  refiduum  of  the  beft  Englifh  coals  diftilled,  to  amount  to 
73  percent,  and  Dr.  Watfon  found  the  refiduum  of  Newcaflle  coal  to  amount  only  to  58 
per  cent.  Thefe  refults  necefiarily  difier  according  to  the  degree  of  heat  appliedf  the  du« 
lation  .of  the  combuftiony  and  the  variable  admif&on  of  air.  It  is  plain  the  bitumen  is 
never  totally  expelledi  at  leaft  not  until  moft  of  the  carbon  is  confumed }  but  much  more 
of  it  is  expelled  by  combufUon  than  by  diftillation.     Watfon,  p.  27  amd  28  %* 

*  Probably  1,07. 

t  «  Jans,  3t9. 

X  This  paper  is  ukea  from  tht  Sccsnd  Volame  of  Ekmeats  of  Mlaeralogyy  lately  publilhed. 
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III.  Obftrvationt 


Freezing  Procejis,  4^y 

III. 

Obfervations  on  the  bejl  Methods  of  producing  Artificial  Cold.     By  Mr.  RjCHARD  IVALKEJt  «. 


H 


AVING  already  inveftlgatcd  the  means  of  producing  artificial  cold,  and  at  the  con- 
clufion  of  my  laft  paper  (on  the  Congelation  of  Quick&lver)  difmified  that  part  of  the  fub* 
jed,  the  beft  method  of  making  ufe  of  thofe  means  naturally  becomes  a  defideratum ;  to 
that  therefore  I  have  lately  given  my  attention,  and  flatter  myfelf  that  the  following  obfer«' 
vations  may  be  confidered  as  an  ufeful  Appendix  to  my  former  papers.  The  freezing 
point  of  quickfilver  being  now  as  determined  a  point  on  the  fcale  of  a  thermometer,  viz.  39% 
as  the  freezing  point  of  water ;  and  as  this  metal,  exhibited  in  its  folid  ftate,  affords  an  in- 
terefting  as  well  as  curious  phenomenon,  I  (hall  apply  what  I  have  to  fay  principally  to  that 
obje£l* 

Frequent  occafions  having  occurred  to  me  of  obferving  the  fuperiority  of  fnow  in  experi- 
ments of  this  kind  to  falts,  even  in  their  fitted  ftate,  that  is,  frefti  cryftallifed,  and  reduced 
to  very  fine  powder,  I  refolved  upon  adopting  a  kind  of  artificial  fnow. 

The  firft  method  which  naturally  prcfented  itfelf  was  by  condenfing  fteam  into  hoar  froft. 
This  anfwered'the  purpofe,  as  might  be  expefled,  exceedingly  well;  but  the  difficulty  and 
expence  of  materials  in  colle£ling  afufficient  quantity  determined  me  to  relinquiih  this  mode 
for  another,  by  which  I  can  eafily  and  expeditioufly  procure  ice  in  the  fitteftform  for  ex- 
periments of  this  kind  \  the  method  I  mean  is,  by  firft  freezing  water  in  a  tube,  and  after- 
wards grinding  It  into  very  fine  powder.  Thus  pofleflfed  of  the  power  of  making  ice,  and 
afterwards  reducing  it  to  a  kind  of  fnow,  the  congelation  of  quickfilver  becomes  a  very  eafj 
and  certain  procefs;  for,  by  the  ufe  of  a  very  fimple  apparatus, <Plate  XX,  fig.  i.)  quickfilver 
may  be  frozen  perfedly  folid  in  a  few  minutes,  wherever  the  temperature  of  the  air  does 
not  exceed  85^ :  thus,  one  ounce  of  nitrous  acid  is  to  be  poured  into  the  tube  b  of  the  veflel^ 
obferving  not  to  wet  the  fide  of  the  tube  above  with  it ;  a  circular  piece  of  writing-paper, 
of  a  proper  fize,  is  to  be  placed  over  the  acid,  refting  upon  the  fhoulder  of  the  tube,  and  the 
paper  bruftied  over  with  fome  melted  white  wax.  Thus  prepared,  the  veffel  is  to  be  in- 
verted, and  filled  with  a  mixture  of  diluted  nitrous  acid,  phofphorated  foda,  and  nitrous 
ammoniac,  in  proper  proportions  for  thie  temperature  *,  and  tied  over  fecurely,  firft  with 
waxed  paper,  and  upon  that  a  wet  bladder. 

The  veflel  beiug  then  turned  upright,  and  placed  in  a  (hallow  veflel,  viz.  a  faucer  or 
plate,  an  ounce  and  a  half  of  rain  or  diftilled  water  is  to  be  poured  into  the  tube,  which  is 
to  be  covered  with  a  ftopper  or  cork,  and,  as  foon  as  frozen  folid,  ground  to  very  fine  pow- 
der, an  afliftant  holding  it  firmly  and  fteadily  the  whiles  obferving  occafionally  to  work  the 
inftrument  in  different  direftions  up  and  down,  that  no  lumps  may  be  formed.  When  the 
whole  .of  the  ice  is  thus  reduced  to  powder,  and  the  lumps,  if  any,  broken,  the  frigorific 
mixture  is  to  be  let  out  quickly,  by  cutting  or  untying  the  ftring,  and  removing  the  bladder, 
&c.  which  confines  it ;  a  communication  made  by  forcing  a  rod  of  glafs  or  wood  tlirougb 
the  partition ;,  and  the  whole  mixed  expeditioufly  together. 

*  Philofophical  Trairfa£lions,  1795. 

f  I  have,  by  a  very  accurate  preparation  of  this,  mixture,  funk  a  thermometer  from  85  degrees  (tempera- 
ture of  the  velTel  and  materials)  to  +  i  degrees. 

Vol.  I.— February  1798.  3S  In 


4^8  Olfervatlom  and  Experimitits  on 

In  this  climate  a  mixture  much  lefs  expenfive  will  be  fufficient ;  viz.  tliat  compofed  of 
diluted  nitrous  acid,  Glauber's  fait,  faUammoniac  and  nitre ;  a  mixture  of  this  kind  finking 
a  thermometer  in  the  warmeft  weather  to  near  o°.  At  the  temperature  of  70  degrees,  or  a 
little  higher,  the  quantity  of  diluted  nitrous  acid  may  be  about  one-fourth  lefs  than  is  men- 
tioned in  the  table  for  50  degrees. 

Thefe  methods  are  the  mod  expeditious,  and  attended  with  the  leaft  trouble  j  but  as  ic^ 
may  be  ufed  with  equal  certainty,  and  with  much  lefs  expence,  I  fliall  give  a  particular  de- 
tail of  an  experiment  made  with  the  ufe  of  it,  firft  mentioning  a  preparatory  experiment, 
to  which  I  was  immediately  led  by  the  recolleftion  that  Sir  Charles  Blagden,  in  his  paper 
<*  on  the  Point  of  Congelation,'*  (Phil.  Tranf.  vol.  Ixxviii.)  had  found  that  common  &1- 
ammoniac  and  common  fait  mixed  with  friow  produced  a  cold  of  —  12  degrees,  whereas 
the  latter  ufed  alone  with  fnow  produces  only  —  5  degrees.  I  ufed  a  mixed  powder  of 
equal  parts  of  common  fal-ammoniac  and  nitre  with  the  common  fait,  by  which  the  ther- 
mometer funk  to  —  18  degrees  j  and  when  I  ufed  nitrous  ammoniac  with  common  fait,  to 
— '  25  degrees.  This  cold  I  could  not  increafe  by  the  addition  of  any  other  falts,  nor  could 
I  equal  it  by  any  other  combination  of  falts.  Thofe  I  tried  were,  Glauber's  fait,  fait  of  tartar, 
foda,  and  fal  catharticus  amarus.  By  feveral  trials,  I  found  the  bed  proportions  to  be,  fnow 
or  pounded  ice  twelve  parts,  common  fait  five  parts,  and  of  nitrous  ammoniac,  or  a  powder 
of  equal  parts,  fal-ammoniac  and  nitre  mixed,  five  parts  i  or  one-third  of  common  falt^ 
when  I  ufed  that  alone  with  fnow  or  pounded  ice. 

My  apparatus  then  (Dec.  28.  lad)  confided  of  two  vefiels  (fig.  3  and  4.) ;  an  indrument 
(fig.  6.)  to  grind  or  rather  fcrape  the  ice  to  powder  y  a  kind  of  fpatula  (I  ufe  a  marrow 
fpoon)  to  dir  the  powder  occafionally^  a  thermometer  (fig.   8.)  and  a  fmall  thermo- 
meter glafs,  with  the  bulb  three-fourths  full  of  quickfilver  (fig.  7.)    I  filled  the  veilel  fig.  3^ 
holding  when  inverted  two  pints,  Jlratum  Juper  Jlratum^  with  pounded  ice,  common  fait, 
and  a  powder  confiding  of  equal  parts  fal-ammoniac  and  nitre  mixed  together  \  by  fird 
putting  in  ^x%  ounces  of  pounded  ice,  then  two  ounces  and  a  half  of  common  fait,  and,  after 
dirring  thefe  well  together,  two  ounces  and  a  half  of  the  mixed  falts,  mixing  the  whole 
well  together  :  this  was  repeated  in  the  fame  manner  until  the  veflel  was  quite  full.    It 
was  then  tied  over  fecurely  with  a  wet  bladder,  turned  upright,  and  one  ounce  and  a  half 
of  rain  water  poured  into  the  tube  through  a  funnel,  the  tiibe  covered  with  a  cork,  and  the 
veflel  left  undidurbed  till   the  water  was  frozen  perfeftly   folid.    The   indrument  for 
grinding  it  was  then  put.  in  to  acquire  cold,  whild  the  .veflel  fig.  4,  holding  a  pint,  was 
filled  in  the  fame  manner,  with  the  fame  proportions  of  materials  5  a  bladder  tied  over 
It,  fet  upright,  and  one  ounce  of  fuming  nitrous  acid  poured  in  to  be  cooled.    The  ice  was 
then  ground  to  powder ;  and  when  finiflied,  the  nitrous  acid  being  found  to  have  ac- 
quired a  fufiicient  degree   of  cold,  viz.  —  13  degrees,  the  frigorific  mixture  of  ice  and 
falts  was  let  out  of  the  veflel  which  contained  the  nitrous  acid,  and  the  powdered  ice  (dill 
furrounded  by  its  frigorific  mixture)  added  to  the  acid  as  quick  as  poflible  }  when  the  ther- 
mometer funk  to  near  —  50  degrees,  and  the  mixture  foon  froze  the  quickfilver  in  the  glafs 
bulb.     In  this  experiment  18  minutes  were  required  to  freeze  the  water  pcrfeftly  folid, 
and  15  to  reduce  the  ice  by  moderate  labour  to  very  fine  powder.     The  experiment  was 
over  in  55  minutes,  and  the  temperature  of  the  preparatory  cooling  mixture  then  found  to 
be  —  10  degrees. 

I  had 


the  heft  A&ihods  efpr6ducing  Artlficiai  Cold.  499 

I  hkd  a  fpirtt  thermometer  by  me  \  but  a  mercurial  thermometer  bciiitg  much  more  ftn- 
fibiei  and  confcquently  defcendiog^much  quicker,  I  prefer  it  in  experiments  made  merely  to 
freeze  quickfilTcr — knowing  from  experience  how  the  congelation  is  going  on,  from  the 
irregular  defcent  of  the  mercury  when  a  few  degrees  below  its  freezing  point,  and  from 
having  ufually  found  that  the  quickfilver  in  the  thermometer  glafs  begins  to  freeze  as  foon 
as  the  mercurial  thermometer  reaches  —  40**. 

Whenever  I  have  occafion  to  ufe  ice  in  fummer  for  this  purpofe,  I  ufually  pound  to- 
gether firft  fome  ice  and  fait  in  a  (lone  mortar,  about  two  parts  of  the  former  to  one  of 
the  latter;  throw  this  away,  and  wipe  the  peftle   and  mortar  perfedly  dry  :  the  mortar"* 
being  thus  cooled,  the  ice  may  afterwards  be  pounded  fmall  without  melting. 

And  as  a  mixture  made  of  fnow  or  ice  in  powder  and  falts  does  not  give  out  its  greateft 
cold  till  it  isr  become  partially  liquid  by  the  aflion  of  the  ice  and  falts  on  each  other,  it  is 
neceflary  that  the  whole  be  ftirred  well  together,  till  it  is  become  of  an  uniformly  moifl: 
pulpy  confidence ;  efpecially  fince,  in  becoming  liquid,  the  mixture  (brinks  fo  much,  that, 
if  this  be  not  attended  to,  the  veffel  will  not  be  near  full,  and  confequently  the  upper  part 
of  the  tube  not  furrounded,  as  it  ought  to  be,  by  the  frigorific  mixture.  The  difiblution  of  , 
the  ice  and  falts  may,  if  required,  be  haftened,  by  adding  occafionally  a  little  water;  but 
then  the  cold  produced  will  be  lefs  intenfe,  and  not  fo  durable. 

That  particular  form  of  the  veflel  in  which  the  ice  is  made  and  reduced  to  powder  is  chbfen^ 
becaufe  it  fubje£ls  the  powdered  ice  in  the  tube  to  the  conftant  adion  of  the  freezing  mix- 
ture, without  which  it  would  be  lefs  fit,  particularly  in  warm  weather,  for  die  intended  ufef 
and  becaufe  in  it  the  ice  is  not  liable  to  be  impregnated  with  the  falts  of  the  mixture^  by 
which  it  would  be  utterly  fpoiled ;  and  that  for  cooling  the  nitrous  acid>  and  making  the 
fecond  mixture  in^  becaufe  it  is  fteady,  and  is  befides  infulated,  as  it  were,  from  the  est- 
temal  warm  air,  and  furrounded  in  its  ftead  by  an  atmofphere  much  colder* 

It  isfcarcely  necefTary  to  add,  that  when  fnow  which  has  never  -thawed  can  be  procured,' 
it  may  be  cooled  in  this  apparatus  by  a  mixture  of  fnow  (inftead  of  the  pounded  ice)  smd 
the  falts,  and  the  trouble  of  reducing  the  ice  into  powder  faved. 

I  prefer  the  red  fuming  nitrous  acid,  becaufe,  as  I  have  obferved  in  a  former  paper,  it 
requires  no  dilution.  Being  under  the  neceflity  at  one  time  of  ufing  the  pale  nitrous  acid, 
I  foundit  required  to  be  diluted  with  one-fifth  its  weight  of  water.  The  bed  and  only 
way  of  trying  or  reducing  any  acid  to  the  proper  ftrength,  is  by  adding  fnow,  as  Mr.  Ca- 
Tendifh  diredls,  or  the  powdered  ice  to  it,  until  the  thermometer  ceafes  to  rife  ;  then  cool 
the  acid  to  the  fame  temperature  of  the  fnow  again ;  add  more  fnow,  which  will  make  the  ^ 
thermometer  rife,  again,  though  lefs ;  cool  it  again,  and  repeat  this  until  the  addition  of 
fnow  or  powdered  ice  will  not  make  the  thermometer  rife :  to  be  very  accurate,  it  (hould 
be  reduced  in  this  manner  to  the  proper  ftrength,  at  the  temperature,  whatever  it  be,  at 
which  the  nitrous  acid  and  fnow,  or  powdered  ice,  are  to  be  mixed  together  when  cooled. 

In  the  courfe  of  my  experiments  Ihave  endeavoured  to  afcertain  the  comparative  powers 
of  ice  to  produce  cold  with  nitrous  acid  in  the  different  forms  I  have  had  occafion  to  ufe 
it.  The  refult  is,  that  fre(h  fnow  funk  a  thermometer^  to  —  3*2  degrees,  ground  ice  to 
—  34.  degrees,  and  the  moft  rare  frozen  vapour  to  below  —  35  degrees ;  the  veil'el  and  ma- 
terials each  time  being  +  30  degrees, 

3  S  2  The 
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The  veflels  for  tbefe  mixtures^  particularly  that  in  which  the  quickfilver  is  to  be  frozen^ 
fhould  be  thin,  and  made  of  the  beft  condu£lors  of  heat ;  firft,  becaufe  thin  TcfTels  rob  the 
mixture  of  lefs  cold  at  mixing,  that  is,  if  two  mixtures  of  the  fame  kind  are  made,  one  in 
a  thin,  the  other  in  a  thick  vefFel,  the  former  will  be  coldeft ;  fecondly,  becaufe  the  air  is 
a  fufficiently  bad  condudor;  and  thirdly,  for  the  very  obvious  reafon  that  the  eoid  is 
tranfmitted  through  them  quicker. 

For  thefe  reafons,  and  from  the  difficulty  I  have  fou  d  in  procuring  veflels  of  g)af(^ 
which  are  undoubtedly  fitted  for  experiments  of  this  kind,  I  have  ufed  tin,  which  is 
readily  had  in  any  form,  and,  if  coated  with  wax,  is  fufficiently  fecuxed  againll  the  aAioa 
of  the  acids. 

I  give  the  infide  fuch  a  coating  by  pouring  melted  whke  wax  into  the  yeflel,  previouflf 
clean  and  dry,  and  turning  it  about  by  hand,  fo  aa  to  leave  no  point  of  the  metal  uncovered 
for  the  acid  to  a£t  on,  pouring  the  furplus  away. 

In  the  experiments  above  defcribed,  I  ufed  a  fingle  vcflel  for  cooling  &e  nitrous  acid.^ 
a  cupping-glafs  (reprefented  by  the  dotted  line  at  b  fig.  4.)  being  cemented  into- the  tin^ 
and  thereby  forming  that  part  in  which  the  nitrous  acid  was  firft  cooledy  and  the  mixture 
afterwards  made  in  which  the  quickfilver  was  froaen  \  but  from  the  trouble  and  impedit* 
ments  arifing  from  letting  out  the  mixture,  and  clearing  the  bottom  from  the  lumps  of  ice^ 
&c.  adhering  to  it,  I  was  led  to  the  addition  of  the  other  part  (fig.  5.)  by  which  all 
thefe  difficulties  are  got  rid  of:  and  it  is  befides  a  much  more  comfortable  and  neat 
way  of  condu£ling  it  \  the  upper  part,  which  contains  the  nitrous  acid,  being  lifted  ofi^ 
and  placed  on  the  table  immediately  before  the  powdered  ice  is  added. 

The  whole  of  this  apparatus  may  be  of  tin  ^  that  part  only  (when  the  cooling  mis* 
lures  are  made  without  ufing  any  corrofive  acid)  in  which  the  add  mixture  is  to  bci 
made  being  previoufly  coated  in  the  manner  above  mentioned  }^  or  a  thin  glajGi  tumbler^ 
of  a  proper  fize,  naay  be  cemented  in. 

I  havd  occafionally  ufed  a  thin  glafs  tumbler  for  the  mixture  in  whtch  the  quickfilves 
i$  to  be  frozen,  immerfing  it,  with  the  acid,  in  a  frigorific  mixture,  till  the  acid  is 
fufficiently  cooled;  then  adding  the  ground  ice  to  it,  previoufly  removing  the  tumbler 
out  of  the  frigorific  mixture,  as  in  the  experiment  above  mentioned  :  this  fimplifies  the 
apparatus,  but  is  lefs  convenient  on  many  accounts. 

The  fcale  of  this  apparatus  may  be  diminiflied  or  increafed  at  the  will  of  the  opera-^ 
tor  \  for  there  is  no  doubt  that  a  fmall  quantity  of  quickfilver  may  be  frozen  at  any  time 
with  one-fourth  of  this  quantity,  wi A  an  apparatus  of  this  kind,  by  any  one  converfant 
in  fuch  experiments. 

I  have  frequently  frozen  qiuickfilver  by  mixing  together  at  0%  three  drams  of  ground 
ice  with  two  drams  of  nitrous  acid. 

Whenever  the  intention  is,  as  in  thefe  experiments,  to  coot  the  materials  to  nearly  the 
fame  temperature  with  the  frigorific  mixture  in- which  they  are  immeried,  the  proportion 
of  the  frigorific  mixture  to  the  intended  mixtuse  (or  materials  to  be  cooled)  ihould  not 
4>e  le(s  than  twelve  to  one  \  a  greater  difproportion  is  ftill  better* 

By  attending  to  the  directions  particularly  mentioned  in  the  experiment  made  on 
December  28,  a  thermometer  may  be  always  difpenfed  with  \  the  proportions  of  the  ma-« 

terials 
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terials  to  be  cooled  being  txzCAj  adjufted,  and,  when  they  are  to  be  mixedi  precifely  deter- 
mined by  the  time  employed  in  grinding  the  ice  to  powder.  The  proportions  of  fnow  or 
pounded  ice  and  fait  or  falts  may  be  guefTed  fufficiently  near  without  weighing!  unleft  in 
very  nice  experiments* 

Imagining  that  a  recapitulation  of  the  different  mixtures  defcribed  in  my  former  paper 
for  producing  artificial  cold,  brought  into  one  view,  might  not  be  unufefuli  I  have  fubjoined 
a  table  of  the  falts,  their  powers  of  producing  cold  with  the  different  liquids,  an4.  the 
proportions  of  each,  according  to  a  careful  repetition  of  each;  the  temperature  being 
50  degrees. 


SALTS. 

*  Sal-ammoniac  5,  nitre  5  ■ 
Sal-ammoniac  5,  nitre  5,  Glauber's  falts  8 

•  •  Nitrous  ammoniac  1  ■■ 

Nitrous  ammoniac  i^  fal  foda  I  — 

Glauber's  fait  3  -— 

Glauber's  fait  6,  fal-ammoniac  4,  nitre  2 
Glauber's  fait  6,  nitrous  ammoniac  5       — 
Phofphorated  foda  9  —  — 

Fhofphorated  foda  9,  nitrous  ammoniac  6 
Glauber's  fait  8 
Glauber's  fait  5 


( 


Liquor. 


Water  j  6 

16 

1 

■  I 

D.  nitr.  acid  2 


Marine  acid 
D.  vitr.  acid 


4 
4 
4 
5 
4 


Temperature  of 
Cold  produced. 

—  +    I0« 

—  +     4 

—  +     4 

—  7 

—  3 

—  10 

~      14 ' 

12 

—  2t 

—  o 


—    + 


N.  B.  I  have  chofen  the  temperature  of  50  degrees,  becaufe  the  materials  may  at  any 
time,  by  immerfion  in  water  drawn  from  a  fpring,  be  cooled  nearly  to  that  temperature,, 
and  the  experiment  for  freezing  with  any  of  thefe  mixtures  commence  there. 

At  a  higher  temperature  than  50  the  quantity  of  the  falts  muft  be  increafed,  and  the  ef- 
fed  will  be  proportionably  greater:  at  a  lower  temperature  dimlniflied,  when,  the  ^ScSt 
will  be  proportionably  lefs. 

It  muft  be  obferved,  that,  to  produce  the  greateft  efle£l:  by  any  frigorlfic  mixture,  the  falts- 
(hould  be  frefli  cryftallized  f ,  not  damp,  and  newly  reduced  to  very  fine  powder ;  the  vefiel 
in  which  they  are  made,  very  thin,  and  juft  large  enough  to  contain  the  mixture  \  and  the 
materials  mixed  intimately  together  as  quickly  as  pofOble,  the  proper  proportions  at  any 
temperature  (thofe  in  the  table  being  adjufted  for  the  temperature  of  50^  only)  having  been 

*  The  falts  from  each  of  thefe  may  be  recovered  by  evaporating  the  mixture  to  di^ynefs,  and  ufed  again - 
repeatediy■ 

N.  B.  The  figures  after  each  fait,  and  after  the  liquor,  fignify  the  proportion  of  parts^by  Troy  weight  to^ 
ufed ;  the  trouble  of  weighing  the  water  may  be  faved  by  obferving,  that  a  full  ounce  of  it  by  wine  meafuEe, 
correfponds  cxa£lly  with  one  ounce  of  it  by  Troy  weight :  likewife  it  mud  be  noticed,  when  more  kinds  of 
iaits  than  one  are  ufed,  to  add  them  to  the  liquor  one  after  the  other  in  the  order  they,  ftand  in  the  «table,  be* 
ginning  on  the  left  hand,  and  (lirring  the  mixture  well  between  each  addition.  D-  nitr.  acid  is  red  fuming, 
nitrous  acid  two  parts,  and  rain  or  didilled  water  one  part  by  weight,  weU  agitated  together  and  become  cool. 
D.  vitr.  acid  is  ftrong  vitriolic- acid,  and  ratoror  didilled  water  equal  parts  by  weight,  thoroughly  mixed  (very 
cautioufly)  and  cooled. 

t  Soda,  phofphorated  foda>  and  Glauber's  fait,  are  beft  cryftallized  afrcfh:,  becaufe  their  effect,  .efpecially  tbe 
two  laft,  in  the  acids,  depends  upon  the  quantity  of  water  they  contain  iiv  :i  folid  ftatc. 

previouflyi 
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ficvioviSf  tncd^  by  adding  the  powdered  falts  gradaally  to  tbe  U(|ttid  till  the  thermometer 
ceafcd  to  fmk ;  obferving  to  produce  the  full  cScGt  of  one  fait  before  a  fecond  is  added,  and 
likewife  of  tbe  fecond  before  a  third  is  added.  Neither  foda»  phofpborated  foda^  nor  Glatt« 
ber's  falt>  (hould  be  mixed  with  nitrous  ammoniac,  or  the  powder  compoied  of  fal  am« 
moniac  and  nitre,  uiikfs  at  a  low  temperature,  that  is,  below  o;  but  pounded  and  kept  apart. 

In  the  exptrimenta  aUuded  to  in  the  table,  the  precaution  of  frefli-cryftallizing  the  (ahs 
was  not  obferved,  becaufe  i  chofe  to  give  the  ordinary  efie^ia  only.  I  therefore  then  ufe4 
falt«  in  their  common  ftate,  taking  care,  however,  to  choofe  fuch  as  had  not  in  the  leaft 
cfflorefced. 

Since  it  is  always  ufeful,  and  generally  abfolutely  neceflary,  to  know  how  much  room 
•in  a  veffel  the  feveral  materials  take  up  feparatcly ;  and  when  mixed,  it  will  be  right  to  ob- 
fcrve,  that  fnow  or  ice  in  powder,  at  near  o°,  occupy  in  meafure  nearly  two  thirds  more 
than  their  weight ;  that  is,  one  ounce  weight  of  water  will,  when  in  the  form  of  fnow,  or 
ice  ground  to  powder,  nearly  fill  a  veflel  which  holds  three  ounces  wine  meafure;  powdered 
falts,  nearly  double  their  weight;  ftrong  nitrous  acid,  about  three-fourths  its  weight;  and  a 
mixture  made  of  falts  and  diluted  nitrous  acid  ;  meafures  rather  lefs  than  two-thirds  of  the 
weight  of  the  ingredients.  Without  a  previous  knowledge  of  this,  it  is  impoflible  to  adjuft 
the  Cze  of  the  veflels  to  the  mixtures  which  are  to  be  made;  becaufe,  in  mod  nice  experi- 
ments of  this  kind,  the  height  to  which  a  veffel  will  be  filled  is  indifpenfably  neceflary  to 
be  known  beforehand. 

The  long  continuance  of  the  late  froft  having  afforded  me  opportunities  of  repeating 
thefe  experiments  in  various  ways,  I  (hall  mention  briefly  the  refult  of  fuch  as  appear  to 
me  to  be  material. 

I  have  found,  that  ice  may  be  ground  fo  fine  as  to  be  equal  to  froxen  vapour ;  and  the 
harder  it  is  frozen,  the  finer  it  is  ground,  but  with  more  labour. 

That  quickfilver  may  be  frozen  by  cooling  the  nitrous  aX:id  only,  faving  the  trouble  and 
inconvenience  of  cooling  the  fnoW  likewife  ;  either  by  adding  fnow  at -f-  32  degrees,  to 
nitrous  acid  at  —  29  degrees ;  or  fnow  at  +  25  degrees,  to  nitrous  acid  at  —  20  degrees ; 
or  fnow  at  -f-  20  degrees,  to  nitrous  acid  at  —  12  degrees.  Mod  winters  offer  an  oppor- 
tunity of  doing  it  in  this  way ;  the  nitrous  acid  may  be  cooled  in  a  mixture  of  fnow  and 
nitrous  acid. 

That  it  may  likewife  be  frozen  by  mixing  expedltloufly  togedicr  fnow  and  nitrous  acid, 
when  the  temperature  of  each  is  -f-  7  degrees. 

Or  by  mixing  ground  ice  and  nitrous  acid  at  -)-  10  degrees. 

Hence  it  follows,  that  the  cold  of  this  climate  offers  occafionally  opportunities  of  freezing 
quickfilver,  without  previoufly  cooling  by  art  the  materials  to  he  mixed ;  for  I  have  once 
feen  the  thermometer  at  +  6  degrees— and  others,  I  believe,  have  feen  it  lower. 

I  expefted  an  opportunity  would  have  offered  this  winter,  but  the  lowed  point  I  faw  my 
thermometer  at  this  feafon  was  only  4"  10  degrees.  At  this  terhperature  I  mixed  nitrous 
acid  (cooled  out-of-doors  to  the  temperature  of  the  air)  and  fnow  on  January  23d  lafl: ; 
but  the  cold  produced  was  not  quite  fufficient  to  freeze  the  quickfilver,  although  very  near 
it,  as  indicated  by  a  thermometer.  From  what  I  have  obferved  fince  thefe  latter  experi- 
ments were  made,  I  think  it  may  be  reafonably  expe£led  that  powdered  ice  and  nitrous 
acid  at  -f  14  degrees,  or  fnow  at  +  10  degrees,  will  fucceed,  if  mixed  expeditiouffy. 

Strong 
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Strong  fpirit  of  vitriol,  whofe  fpecific  gravity  is  1,8481  required  to  be  diluted  with  half 
its  weight  of  water,  and  produced  with  fnow  at  the  temperature  of  -f*  30  degrees,  about 
eight  degrees  lefs  than  with  nitrous  acid,  finking  the  thermometer  to  —  24  degrees }  four 
parts  of  the  diluted  vitriolic  acid  required  at  that  temperature  fix  parts  of  fnow. 

It  perhaps  will  be  remarked,  that  I  have  taken  no  notice  before  of  the  vitriolic  acid.  The 
reafon  is,  becaufe,  the  freezing  point  of  quickfilver  being  39,  it  may  be  frozen  tolerably 
hard  by  a  mixture  of  nitrous  acid  vtrith  fnow  or  ground  ice,  though  the  utmoll  degree  of 
cold  this  acid  can  produce  with  fnow  is  —  46^,  which  degree  of  cold  may  be  produced  by 
mixing  the  fnow  or  ground  ice  and  nitrous  acid  at  o^. 

If  it  be  required  to  make  it  perfe£Uy  folid  and  hard,  a  mixture  of  equal  parts  of  the  di- 
luted vitriolic  acid  and  nitrous  acid  ihould  be  ufed  with  the  powdered  ice  ;  but  then  the 
materials  (hould  not  be  lefs  than  —  10^  before  mixing. 

If  a  dill  greater  could  be  required  than  a  mixture  of  this  kind  can  give,  which  is  about 
*.  56  degrees,  the  diluted  vitriolic  acid  alone  ihould  be  ufed  with  fnow  or  powdered  icCy, 
and  the  temperature  at  which  the  materials  are  to  be  mixed  not  lefs  than  —,20  degrees. 

Sele£l,  according  to  the  intention,  either  of  the  three  following  mixtures  : 

Firft,  fnow  or  pounded  ice  two  parts,  and  common  fait  one  part,^  which  produces  a  cold 
of  —  5  degrees. 

Second,  fnow  or  pounded  ice  twelve  parts,  common  fait  five  parts,  and  a  powder,  con« 
Citing  of  equal  parts  of  common  fal-ammoniac  and  nitre  mixed,  five  parts^  which  produces 

a  cold  of  —  18  degrees. 

Third,  fnow  or  pounded  ice  twelve  parts,  common  fait  five  parts,  and  nitrous  ammoniac 
in  powder  five  parts,  which  produces  a  cold  of  —  25  degrees. 

The  proportions  which  I  have  found  to  be  the  beft  for  mixing  the  fnow  or  powdered  ice 
with  the  difierent  acids  at  diffisrent  temperatures  are  thefe  :  viz.  at  +  30  degrees,  feven  of 
of  the  former  to  four  of  the  Qitrous  acid  ^  at  +  5  degrees,  (with  a  trifling  allowance,  if  any, 
for  a  few  degrees  above  or  below)  three  to  two  5  at  —  12  degrees,  four  to  three,  with  the 
mixed  acids,  and  at  —  20  degrees,  with  the  diluted  vitriolic  acid,  equal  parts. 

If  it  be  required  to  prepare  the  materials  in  a  frigorific  mixture  without  the  ufe  of  ic^,  a 
mixture  of  the  proper  (trength  may  be  chofen  from  the  table. 

It  is  immaterial,  when  the  exa£l  proportions  of  each  are  known,  whether  the  powdered  ice 
be  added  to  the  acid,  or  the  acid  poured  upon  that,  provided  the  powdered  ice  be  kept 
ftirred  to  prevent  lumps  forminjg,  aiid  the*  materials  be  mixed  as  quick  as  poflible.  But 
when  the  proportion  is  not  known,  it  is  better  to  be  provided  with  more  powdered  ice  than 
is  expe£led  to  be  wanted,  and  add  it  to  the  acid  by  degrees,  until  the  greateft  effect  is  pro^ 
duced,  as  (hewn  by  a  thermometer. 

The  confidence  is  a  pretty  fure  guide  to  thofe  accuftomed  to  mixtures  of  this  kind,  viz. 
when  fre(h  additions  of  fnow  or  ice  do  not  readily  difTolve  in  the  acid,  though  well  ftirred^ 
and  the  mixture  acquires  a  thickiih  flocculent  appearance. 

Snow  or  powdered  ice  that  have  ever  been  fubjefted  to  a  cold  lefs  than  freezing  arc 
fpoiled,  or  rendered  much  lefs  fit  for  experiments  of  this  kind. 

I  prefer  the  method  of  adding  the  powdered  ice  or  fnow  to  the  acid  in  a  feparatc  ^tffc]^ 
principally  becaufe  the  fize  of  that  veflel  may  be  exa^ly  adjufted  to  the  quantity  of  mixture 
it  is  to  contain. 

1  A  mix* 
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A  mixture  made  of  diluted  nitrous  acid,  phofphorated  foda,  and  nitrous  ammoniac,  (bj 
much  the  tnoft  powerful  of  any  compounded  of  falts  with  acids,)  prepared  with  the  greateft 
accuracy,  is  not  quite  equal  to  a  mixture  of  fnow  and  nitrous  acid,  each  mixed  at  -{-  30 
degrees,  although  very  nearly  fo. 

Though  quickfilver  may  be  frozen  by  falts  diflblved  in  acids,  it  Is  neceflary  that  the  ma- 
terials be  cooled  previoufly  to  mixing,  much  lower  than  when  fnow  or  ground  ice  are 
ufed. 

If  tt  be  required  to  mix  the  powdered  falts  and  acids  at  a  low  temperature,  the  befl:  me- 
thod is  this  :-*-Put  6r(l  the  nitrous  ammoniac  into  the  tube  of  fuch  an  apparatus  as  fig.  i, 
diaking  it  down  level,  gently  prefTing  the  upper  furface  fmooth  %  then  the  phofphorated  foda 
or  Glavber's  fait :  cover  this  with  a  circular  piece  of  writing  paper,  and  pour  a  little  melted 
white  wax  upon  it,  and  when  cold  pour  upon  this  the  diluted  nitrous  acid :  immerfe  this 
in  a  frigorific  mixture  till  it  is  fufGciently  cold,  as  found  by  dipping  the  thermometer  into 
the  liquor  occafionally  ^  force  a  communication  through,  and  ftir  the  whole  thoroughly  to- 
gether, contriving  that  the  upper  ftratum  of  fait,  that  is,  the  phofphorated  foda  or  Glauber's 
fait,  be  mixed  with  the  liquor  firft,  and  then  the  nitrous  ammoniac ;  the  powdered  falts  do 
not  require  ftirring  whitft  cooling,  like  fnow,  for,  however  hard  they  are  frozen,  they  will 
readily  diifolve  in  the  acid :  care  mud  be  taken  that  the  partition  be  perfeA  between  the 
falts  and  the  liquor,  and  that  in  this  and  every  inftance  where  the  materials  are  to  be  cooled 
they  be  immericd  below  the  furface  of  the  frigorific  mixture.  The  ftrength  of  the  red  fum- 
ing nitrous  acid  ufed  in  diefe  experiments  I  found  to  be  1,510,  and  that  of  tlie  vitriolic 
acid  1,848. 

i  have  thought  it  better,  for  the  fake  of  brevity,  not  to  ufe  in  this,  as  in  my  former  papers, 
the  new  chemical  names,  efpecially  as  the  old  ones  are  more  generally  known. 

Thefe  experiments  were  chiefly  made  in  a  warm  room,  not  far  from  the  fire -fide. 

I  tiave  now  finifhed  my  propofed  plan  refpe£ling  the  bed  modes  of  condu£ling  experi- 
ments on  cold  ;  in  which  it  will  appear,  that  I  have  reduced  the  congelation  of  quickfilver, 
in  any  climate,  at  any  feafon,  to  a  certain  and  almoft  as  eafy  a  procefs  as  that  I  originally 
fet  out  with  for  the  freezing  of  water,  (Phil.  Tranf.  vol.  lxxvii.)  viz.  by  previoufly  cooling 
the  materials  in  one  mixture,  to  produce  the  tf^tCk  in  a  fecond.  It  may  very  likely  appear 
to  fome,  that  I  have  been  too  minute  in  a  few  particulars^  yet,  as  perhaps  experiments  of 
this  kind,  all  circumftances  confidered,  are  inferior  to  few  in  the  delicacy  required  to  make 
them  fucceed  completely,  I  truft  I  (hall  be  excufed  by  thofe  who  choofe  to  repeat  them, 
particularly  fuch  as  are  not  in  the  habit  of  making  experiments  of  this  kind — efpecially  if 
it  fecure  them  from  an  unfuccefsful  attempt,  and  that  perhaps  without  being  able  to  account 

for  it. 

Oxford t  March  I,  1795- 

It  is  very  well  known,  that  vitriolic  ether  will  produce  fufficient  cold  by  evaporation  to 
freeze  water.  This  drcumftance  is  noticed  by  many  ;  and  feveral  diflirent  methods  have 
been  propofed,  particularly  one  by  Mr.  Cavallo,  witli  a  very  ingenious  apparatus  for  the 
purpofe  (Phil.  Tranf.  vol.  lxxi.)  ;  neverfhelefs,  as  I  am  upon  the  fame  fubjeft,  and  the 
following  experiments  difl^er,  as  well  in  the  effc£l  produced,  as  In  the  particular  mode  of 
conducing  them,  from  any  I  have  met  with,  J  have  ventured  to'mention  thera. 

June 
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Jane  19,  17921  temperature  of  the  air  71  degrees,  I  funk  a  thermometer  (the  bulb  being 
covered  \vith  fine  lint  tied  over  it  and  dipped  clofe  round)  by  clipping  it  in  ether,  and  fan- 
ning it  to  26  degrees  ;  then  by  expofnig  the  thermometer  to  the  brifk  thorough  air  of  an  open 
window,  to  20  degrees  ;  and  a^ain,  by  ufing  fome  of  the  fame  ether,  but  which  had  been 
purified  by  agitating  it  with  ci'^ht  times  its  weight  of  water,  applied  exa£Uy  as  in  the  laft 
experiment,  the  thermometer  funk  to  12  degrees.  Water  tried  in  the  fame  manner  at  the 
fame  temperature,  funk  the  thermometer  to  56  degrees. 

A  whirling  motion  was  given  the  thermometer  during  each  experiment. 

The  lint  was  renewed  for  each  experiment,  and  the  bulb  required  to  be  dipped  into  the 
€thet  thrice  ;  the  firft  time  fufficiently  to  foak  it ;  after  which  the  thermometer  was  held  at 
the  window  till  it  ceafed  to  fink  ;  then  a  fecond  quick  immerfion,  and  likewife  a  third,  ex- 
poCng  the  thermometer  in  like  manner  after  each  immerCon. 

In  this  manner,  a  little  water  in  a  fmall  tube  may  be  frozen  prefently,by  good  ether  not 
purified^  at  any  time,  efpecially  if  a  fmall  wire  be  ufcd  to  fcratch  or  fcrape  the  fides  of  the 
tube  below  the  furface  of  the  water. 

During  the  warmed  weather  of  laft  fummcr,  I  frequently  froze  v/atcr  in  this  way. 

Explanation  cf  Plate  XX. 

FIG.  I*  is  a  vefieUn  one  piece,  open  at  the  bottom  \  aa  the  body,  holding,  when  inverted, 
two  pints  ;  b  the  tube,  holding  five  ounces  \  the  lower  or  fmaller  part  (formed  by  a  contra£lion 
or  leiTening  of  the  tube  in  diameter,  merely  for  the  purpofe  of  leaving  a  fmall  (houlder  for 
a  temporary  partition),  holding  rather  lefs  than  one-fifth  of  the  whole. 

Fig.  2.  is  a  vcflel  confiding  of  two  parts  ;  a  a  the  body,  holding  two  pints ;  b  the  tube^ 
holding  fire  ounces*,  which,  together  with  the  lid  r,  forms  a  cover  to  take  off  and  on  the 
▼eflel. 

N.  B.  This  veflcl  may,  if  preferred,  be  ufed  indead  of  fig.  i.  the  parts  correfponding  with 
it,  except  in  not  being  open  at  bottom,  and  the  continuation  of  the  tube  upwards  jud  fu£- 
cient  to  ferve  for  a  handle. 

Fig*  3-  is  a  veflel  in  one  piece,  open  at  the  bottom,  holding,  when  inverted,  two  pints ; 
b  the  tube,  holding  four  ounces  and  a  half. 

Fig.  4.  a  veflel  open  at  bottom,  holding,  inverted,  one  pint. 

Fig.  5.  a  cover  to  fig.  j^.  a  a  the  body,  fitting  exa£ily  over,  and  b  the  cup-part  (holding 
three  ounces)  fitting  exadlly  within  the  correfponding  parts  of  fig.  4. 

Fig.  6.  the  indrument  for  grinding  the  ice  into  powder  \  it  works  upon  a  diort  centre- 
point,  and  has  the  edge  bevilled  contrary  ways  on  each  fide  the  point,  fo  as  to  follow.  The 
finencfs  of  the  powder  is  regulated  by  the  degree  of  prcflure  ufed.  The  handle  is  wood, 
the  red  metal  ^  ^  is  a  (lidiug  cover  fitting  on  the  tube  in  which  the  ice  is  ground,  to  exclude 
the  external  air,  and  to  keep  the  indrument  deady  \  b  is  the  flioulder  or  guard,  to  prevent 
the  point  of  the  indrument  from  touching  fo  as  to  endanger  injuring  tlic  bottom  of  tlic 
tube.     It  fliould  be  made  fo  as  to  fit  without  grating  the  infide  of  the  tube  in  ufing. 

The  tubes  of  each  of  the  veflels  (hould  be  fomewhat  ihorter  than  the  veflel,  fo  as  not 
quite  to  reach  the  bottom  of  it. 

Fig.  7.  a  thermomecer-glafs,  with  the  bulb  three-fourths  full  of  quickfilver. 

Fig.  8.  a  thermometer  with  the  lower  part  of  the  fcale-board  turned  up  with  a  hinge, 
Vol.  I. — February  1798.  3  T  for 
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lor  the  convenience  ^f  taking  the  temperature  of  fmall  quautitieSi  or  of  mizttires  in  which 
mineral  acids  form  a  part. 

N.B.  Thefe  yefTels  are  reprefented  as  in  glafs,  that  being  undoubtedly  &tte(l^fdr  pur« 
pofes  in  which  corrofive  acids  are  to  be  ufed. 
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The  Defiription  ff  a  New  Portable  EUBrical  Machine.     Invented  by  the  Rev.  W.  FBAJttOffg 

of  Lincolfi. 

.N  elcftrical  machine  fufficiently  portable,  and  at  the  fame  t!me  poffeffing  power  ade- 
i|uate  to  all  the  purpofes  of  medical  eleAricItyi  has  teng  bten  a  deGderatum  among  thofe 
profeflional  gentlemen  who  attend  the  infirm,  an^  are  perfuaded  that  ele£lricity  has  » 
fanative  influence  in  many  diforders  of  ^he  huMan  body.  The  ele£lrophore  and  medicaf 
bottle,  as  alfo  the  prepared  ribbon  and  apparatus  attached  tliereto,  do  both  poficfs  the  fbr- 
sner  property,  but  are  found  to  be  greatly  deficient  in  the  latter.  Mr.  Colman  *,  in  his  inge- 
nious treatifc  on  the  means  proper  to  be  ufed  for  reftoring  fufpended  refpiratioo^  propofes- 
an  ele£lrical  machine  (fuch  as  is  both  portabk,  and  likewife  pofieiles  power  fufficient  to 
give  a  fhock  of  35  inches  of  coated  furface  at  about  a  quarter  of  an  inch  ftriking  diftance)^ 
to  conftitute  one  important  artic^e  of  his  improved  apparatus  for  the  recovery  of  perfons 
apparently  drowned  or  fuffocated  ;  but  feems  to  lament  that  we  have  no  machine  anfwer<» 
ing  fuck  a  defcriptxon.  A  cpnfideration  of  Yuch  magnitude  as  the  want  of  an  inftirument 
which  premifes  to- benefit  fociety  in  fo  critical  a  moment  as  is  that  of  the  apparent  eiftinStiofp^ 
af  the  vital  principle^  has  turned  the  mind  of  the  writer  of  this  article  frequently  upon  the 
ftibjed,  as  having  fome  relation  to  his  clerical  funflion  :  he  has  in  theory  projef^ed  various 
con4lru£lions  of  a  portable  machine,  which  mature  confideration  convinced  him  would  be 
obje£tionable  in  praftice.  For  to  anfwer  all  the  purpofes  requifite  for  conltitutmg  an  elec- 
trical machine  fuitable  for  Mr.  Colman's  purpofe,  it  appears  neceflary  not  only  that  it  have 
the  two  defired  properties  of  portability  and  power,  but  alfo  that  its  power  be  guarded  {o 
as  not  to  be  annihilated  by  the  moiflure  when  ufed  in  tlie  open  air ;  that  it  be  capable  of 
ibeing  ufed  without  a  table  or  (land  in  cafes  of  neceflity ;  that  it  be  rendered  fit  for.  ufe 
upon  the  fiiorteft  notice  ;  that- when  ufed  it  charge  the  coated  furfaee  without  confiderable 
Ibfs  of  time  ;  and  hftly,  that  it  be  not  liable  to  be  eafily  broken. 

The  writer,  however,  flatters  himfelf  he  has  at  length  hit  upon-  a  conftru£iion  whtd^ 
comprehends  all  thefe  properties,  and  which  he  recommends  to  the  notice  of  inftrument- 
makers,  from  a  eonviftion- that  it  is  praSicable.  Ihdeed  he  has  conftrufled  more  than  one 
machine,  which  anfwer  his  mod  fanguine  expeflation,  and  which  therefore,  he  will'tbe- 
more  circumftantially  defcribe. 

Fig.  I.  Plate  XXI.  reprefcnts  a  view  of  the  machine  with  the  eye  placed  dire^ly  over  \t 
at  a  fmall  diftance  5  A  B-C  Dis  a  fmall  mahogany  box  9}  by  7I  inches  within,  and  6  inches 

*  As  it  is  two  years  fiocc  I  pcrufccl  this  treatife,  and  I  have  not  fcen  it  fincc,  I  cannot  be  certain  of  the 
^x^l  >Nft»d»  of  tJic  licit,  lior  whether  the  name  be  Cclmajvor  Colcraau.     \V1.  P. 
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ileep,  mftde  of  half- inch  board  :  upon  the  bottom  of  tJie-  box  lies  a  pbte  of  gla(8>  alfo  9f  bf 
7|  inchcs»  cemented  to  the  wood  at  the  four  comers  by  common  electrical  cement ;  thi« 
plate  is  coated  on  both  furfaces  with  tin-foil  7  inches  by  5}  as  reprefented  at  QJn  figure  z 
(except  that  the  flips  of  tinfoil  at  H  and  I  are  palled  or  gummed  upon  the  ufidir  fide  only), 
and  is  ufed  as  a  fubditute  for  a  j:ir  of  35  inches  of  coated  furface,  it  being  of  no  confe- 
quence  what  the  fhape  of  the  glafs  be,  provided  it  have  a  proper  quantity  of  coating* 
M  E  N  is  a  cylinder  of  glafs  of  four  inches  diameter,  the  body  of  which  is  7^  inches 
long :  at  M  and  N  are  brafs  or  *  boxen  caps  cemented  as  in  other  machines,  upon  the 
fmall  cylindrical  ends  of  which  the  cylinder  revolves  by  means  of  a  fimple  winch  C,  which 
may  be  taken  off  or  put  on  at  pleafure,  either  by  fere  wing,  or  by  being  inferted  upon 
a  fquare  (boulder.  The  central  points  of  revolution  of  N  and  M  are  at  about  a|  inches 
from  the  top  of  the  box,  the  firft  inferted  into  a  circular  hole  in  one  end  of  the  box,  and 
the  other  let  down  in  an  opeii>place  made  down  through  the  other,  which  has  a  detache4 
piece  of  fimilar  wood  to  fit  i*^,  and  to  keep  the  cylinder  in  its  place.  L  is  the  cufhion, 
and  £  the  filk  placed  in  the  ufual  way ;  D  is  a  fcrew  with  a  milled  head,  which,  by  the 
affiftance  of  a  tapped  nut,  placed  faft  in  the  infide  of  the  box  at  4  inches  from  the  'bot- 
tom, prefles  againft  the  elaftic  part  bf  the  Ji/pport  of  the  cufhion  which  is  hid  from  the  eye  t 
this  fupport,  which  may  be  of  elaftic  wood,  coated  above  D  with  tinfoil,  or  of  any  elaftic 
liietal,  is  fcrewed  faft  to  the  back  of  the  box  near  the  bottom  in  the  infide.  The  chain  at 
13  isliung  on  the  fcrew  at  pleafure,  as  the  wood  is  found  to  be  in  a  good  or  bad  conducting 
ftate.  i      ' 

F  is  a  piece  of  light  wood  turned  very  fmooth  in  a  lathe,  and  neatly  covered  with  tinfoil, 
its  ends  being  rounded.  This  piece,  which  I  fliall  call  the  colle£tor,  is  furniflied  with  about 
a  dozen  fixed  pins  of  brafs,  proje£ling  againft  the  fide  of  the  cylinder,  as  reprefented  in 
the  figure,  as  near  as  may  be  without  touching  it.  The  colieCtor  is  6  inches  long,  and 
fomewhat  more  than  an  inch  in  diameter,  and  is  fupported  by  two  folid  glafs  pieces,  C  C, 
of  an  inch  and  three  quarters  in  length,  and  nearly  half  an  inch  in  diameter,  cemented 
into  the  fide  of  the  box  at  4I  inches  from  the  bottom,  and  each  at  an  inch  from  the  end 
of  the  colle£lor :  by  this  means  the  colle£tor  becomes  infulated,  and  has  a  chain  to  be 
hooked  on  an  eye  of  wire  fixed  on  any  part  thereof,  fo  as  to  fall  occafionally  upon  the 
upper  infulated  coating  of  the  plate  of  glafs  in  the  bottom  of  the  hox  :  the  chain^  howevjer^ 
muft  not  be  fo  long  as  to  extend  beyond  the  coating  by  any  motion  of  the  box* 

B  is  a  glafs  tube  f  of  about  one-eighth  of  an  inch  bore,  and  about  3  or  3  {  inches  long,  ^ith 
a  ring  of  brafs  or  horn,  that  has  a  male  fcrew,  cemented  upon  the  middle  of  it,  to  fcrew 
faito  another  ring  that  has  a  female  fcrew,  and  is  cemented  or  otherwife  faftened  into  tbo 

■  i 

^  When  caps  are  made  o£  wood,  they  mufi  be  turned  fo  as  to  aimit  the  glafi*  neck  of  the  cylinder  into  a 
fpace  or  caifity  which  it  (hall  nearly  fit.  By  this  dii^Iition,  the  glafs  is  cemented  to  tltc  wood  at  both  furfaces^ 
and  the  cap  itfelf  will  beilrougcr.     W.  P.  , 

f  Mr.  Nicholfon  may  have  been  aware,  that  glafs-tubes  of  a  fmall  bore,  however  thick,  are  liable  to  b« 
broktji  by  a  (hock  paiTmg  through  them,  when  ungUArdcd ;  and  alfo  that  a  lining  of  any  kind  will  ufaally 
prevent  fuch  an  effe£t.  Mr.  FeH  of  Ulverfton,  in  LancalViire,  an  cxcclltnt  elccrrician,  lia»  tubes  placed  over 
the  wires  of  a  very  large  battery,  lined  with  paper  or  tinfoil,  which  do  not  break  witii  a  difcharge  that  mek| 
l^tty  thick  brafs  ^ire.  The  tubes  are  Aifcd  as  a  guard  agaioil  any  i>ccklcmal  touch  when  the  batury  iy 
ckarjjed.     WA\  ,  ^        ^ 

3  T  2  frone 


5C8  P Of 'table  EleBricd  Macbine. 

front  fide  of  the  box  at  4^  inches  from  the  bottom.  Through  thb  tube  (when  coated  witK 
varnifh  or  fubdance  of  any  kind  within,  to  prevent  its  breaking  by  a  difcharge)  pafles  a 
brafs  wire  as  thick  as  will  eafily  move  in  it»  about  4^  inches  long,  tapped  about  an  inch  at 
each  end  and  a  little  fmoothcd ;  on  each  end  of  this  wire  is  a  tapped  nut  which  fcrew  back 
or  forwards  to  or  from  the  ends  of  the  tube,  fo  as  to  hold  the  wire  in  any  Situation  that 
may  be  required  with  regard  to  the  diftance  of  its  ends  from  thofe  of  the  tube.  The  wire 
has  alfo  two  brafs  balls,  one  of  which  has  its  diameter  lefs  than  that  of  the  tube,  that  it  may 
move  through  the  circular  hole  into  the  box,  to  prevent  its  falling  on  the  glafs  plate,  which 
it  might  do  if  fcrewed  off  and  on  within  the  box. 

O  O  are  the  direAors  with  handles  of  glafs,  or  baked  wood  varnifhed,  each  fix  inches 
long,  befides  the  balls  and  wires ;  the  balls  are  fail  upon  the  wires,  and  the  wires  fcrcw  into 
fockets  on  the  ends  of  the  handles. 

There  is  yet  one  part  of  the  apparatus  which  it  was  not  neceflary  to  exhibit  in  the  plate^ 
viz.  the  infulating  (lool;  this  is  made  exaflly  of  a  fize  to  cover  the  box,  namely  loj;^ 
inches  by  8^,  and  has  four  feet  of  glafs»  or  baked  wood  varni(tied,  almoft  6  inches  long. 
Underneath  that  part  of  the  flool  which  covers  the  colle&or  Aides  a  little  drawer^ 
fig.  3.  by  means  of  the  end-pieces  P  P,  which  drawer  contains  the  tube^  widi  its  ap* 
pendages,  milled  nut,  chains,  handles  of  the  directors,  and  amalgam,  and  muft  be  taken 
from  the  (lool  when  ufcd.  The  three  compartments  of  the  drawjer,  by  being  made  to 
fit  the  dire^ors  and  tube,  prevent  their  (baking  in  carriage.  When  packed,  the  four  feet 
of  the  (loot  go  exaftly  into  each  corner,  and  the  edge  of  the  drawer  juft  within  the 
fide  of  the  box,  by  which  means  the  (tool  is  kept  in  ics  place  as  a  cover ;  and  laftlf 
the  wires  of  the  directors  pafs  tlirough  the  (tool,  which  is  of  inch  plank,  at  the  middle  n^r 
the  (wo  ends,  and,  by  fcrewing  into  the  fixed  nuts  in  the  edges  of  the  box's  ends  at  ^  and 
K,  until  the  balls  touch  the  wood  of  the  dool,  fix  the  whole  fo  firm  that  a  handle,  fuch  as 
is  ufed  in  a  dieft  of  drawers,  fixed  on  the  centre  of  the  (tool,  ferves  for  carrying  the  whole 
apparatus  by,  which  has  the  appearance  of  a  lady's  fmall  travelling-box,  and  weighs  eight 
pounds.  After  having  been  thus  prolix  in  the  defcription  of  the  feparate  parts  of  this  fmall 
machine^  I  come  next  to  fay  a  few  words  about  the  ufe  of  it.-  As  it  is  neceflary  before 
ufing  any  machine  to  have  it  perfedily  dry,  and  as  the  feparate  parts  require  to  be  fucceC- 
ihrely  placed  before  the  fire,  this  machine  will  be  found  to  pofiefs  an  advantage  even  in  the 
preparation,  which  greatly  conduces  to  expedition  -,  for  after  the  box  is  difengaged  from  the 
ftbol>  and  has  the  tube  fcrewed  into  its  place  (both  which  may  be  done  in  one  minute),  the 
box  may  be  held  in  the  hand  before  the  fire,  where  all  its  parts  will  be  alike  dried  at  the 
fiime  time ;  or  it  may  be  placed  on  the  end  A  or  fide  D  at  any  convenient  diftance  from 
the  fire  on  the  floor,  as  occafion  may  require,  whilft  the  amalgamated  leather  is  preparing. 

The  machine  being  freed  from  moifture  and  duft,  and  amalgam  applied  to  the  cylinder, 
the  fliock  is  adminiftered  in  the  following  manner,  viz.  Let  the  fmall  chain  fall  firom  the 
colle£lor  upon  the  upper  coating  of  the  glafs  plate,  and  place  the  inner  ball  at  the  required 
ftriking  diftance,  fuppofe  a  quarter  of  an  inch,  as  the  cafe  may  require,  and  fix  it  there  hj 
means  of  the.adjufting  nuts,  and  the  quantity  of  the  charge  will  be  limited  in  the  fame 
manner  as  by  Lane's  electrometer ;  then  conne£):  one  chain  with  the  condu£ling  wire 
which  palTes  through  the  tube,  and  the  other  with  a  brafs  ring  conne£ted  with  the  flip  of 
the  -under  coating  at  H  (as  appears  in  figure  i,  or  at  I,  as  is  mod  convenient)^  and  hook  the 

oppofitc 
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oppoGte  ends  upon  the  wires  of  the  direftors,  whereby  a  fhock  may  be  fent  through  any 
particular  part  of  the  body,  as  well  as  if  the  medical  jar  were  ufed  wiih  Lane's  elcftrome- 
ter.  It  is  Immaterial  whether  the  machine,  in  this  operation^  be  held  on  a  table  or  ftandi 
the  operator's  knee  when  fitting,  the  bed  of  a  patient,  or  even  the  ground  by  the  fide  of  a 
river  in  cafe  of  neceflity  where  the  patient  is  apparently  drowned  :  nay,  it  may  be  held,  by 
a  perfoH  {landing,  in  one  arm,  whilft  the  other  hand  turns  the  winch. 

When  the  fpark  only  is  required,  the  fmall  chain' is  removed  from  the  coIIcs2or,  and  alfo 
the  long  chain,  conneded  with  the  hook  at  H,  is  taken  away ;  the  inner  ball  is  theil  fixed  fo 
as  to  touch  the  colledor,  by  means  of  the  adjufting  nuts  -,  in  whicli  cafe  the  coUcftor,  the 
wire  in  the  tube,  and  the  fecond  long  chain  connefled  therewith,  form  together  one  con- 
du£lor.  After  tlie  exterior  end  of  this  chain  is  attached  to  the  wire  of  one  of  the  direftors, 
the  fpark  may  be  direSed  into  any  particular  part  of  the  body ;  when  the  eye  is  the  part 
affe&ed,  a  pointed  wire  mud  be  ufed  inftead  of  tlie  wire  carrying  the  ball,  which  mud  be 
made  to  fcrew  into  the  focket  of  the  direftor. 

When  a  fpark  is  taken  out  of  t\it  body,  the  patient  mud  dand  on  the  dool,  and  hold  tlic 
'chain,  conneded  as  before,  in  his  hand  \  and  then  the  operator,  or  alfidant,  may  take  fparks 
from  him,  as  in  other  machines. 

If  the  patient  be  nervous,  or  afraid  of  the  fpark,  it  would  be  fafer  to  hook  the  chain  to 
the  colleftor  for  fear  of  breaking  the  tube,  and  hold  it  at  a  didance  from  the  edge  of  the 
box  ia-a  perpendicular  diredlioh.  The  fparks  taken  from  an  infulated  body  are  dronger 
than  thofe  fent  into  any  perfon  by  reafon  of  the  fmallnefs  of  the  conduftor,  which  is  per- 
haps the  greated  defedl  of  the  machine :  thip  dcfeft  may,  however,  be  remedied  by  placing 
any  rounded  metallic  fubdance,  fuch  as  a  large  candledick,  upon  the  dool  near  the  ma» 
chine,  and  connefting  the  chain  with  it,  fo  as  to  make  it  a  part  of  the  conduftor,  and  then 
the  fparks  will  become  more  denfe. 

There  is  yet  another  way  of  adminidering  the  eleftric  fluid,  which  cannot  properly  be 
called  adminidering  either  the  fpark  or  the  ftiock ;  in  which  cafe  the  fenfation  is  not  fo 
momentary  as  is  that  caufcd  by  the  fliock,  but  more  pungent  than  that  of  the  fimpic  fpark  ; 
it  may  be  called  the  interrupted  (hock,  and  is  thus  eflrecied :  Let  the  fliort  chain  fall  from  tlic 
colleftor  upon  the  coating  of  the  plate,  and  conneft  one  of  the  long  ones  with  the  hook 
at  H  or  I,  and  fuffer  it  to  be  extended  on  the  table  5  then,  the  inner  ball  touching  the  col- 
leftor,  turn  half  a  dozen  rotations  before  the  finger  be  prefented  to  the  outer  ball ;  and 
becaufe  the  circle  is  not  completed  between  the  two  coated  furfaces  of  the  plate  hj  perfe5f 
conduftors,  a  continuous  dream  of  denfe  fparks  will  iflue  into  the  finger,  caufing  a  more 
pungcnf  fenfation  than  would  be  felt  from  a  fimple  fpark  of  a  much  more  powerful  ma- 
chine. I  fliould  fuppofe  the  dimulant  power  of  this  mode  of  eledlrifying  any  particular 
limb  to  be  very  great,  and  I  underdand  it  has  been  praftifed  by  fome  eleflricians,  by  means 
of  a  charged  jar  where  the  circle  is  not  completed  by  pcrfedl  conduftors. 

If  a  fmall  pocket-jar,  in  a  cafe,  be  added  to  this  machine,  it  will  be  capable  of  producing 
cither  a  negative  or  pofitive  charge  in  it ;  for  if  the  jar  held  by  the  ball  connefled  with  its 
inner  coating  be  prefented  fo  as  to  receive  a  pofitive  charge  on  its  outer  coating  from  the 
outer  ball  of  the  machine,  the  inner  coating  will  of  courfe  be  negatively  charged  ;  and  if 
it  be  placed  upon  the  dool,  or  inverted  goblet,  till  the  hand  has  taken  hold  of  tlie  outfide, 
jhe  negative  charge  will  be  retained. 

•  Thus 
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Thus  this  little  machine  is  capable  of  afibrding  much  amufementi  and  even  of  trying  ex- 
periments with,  befides  its  being  adapted  for  medical  purpofes;  and|  which  is  not  the  fmall- 
c?(t  recommendation,  may  be  manufaflured  at  a  fmall  expence,  compared  with  the  larger 
machines.  But,  fmall  as  it  is,  1  have  frequently  fired  ardent  fpirits  with  it,  and  have  feen 
its  power  fuch  as  to  caufe  3;  inches  of  coating  to  difcharge  at  a  quarter  of  an  inch  ftriking 
<!i(lance  zt  every  third  revolution ;  and  at  fourteen  or  fifteen  revolutions  it  will,  when  in 
good  order,  difcharge  at  half  an  inch.  A  fecond  machine  of  this  conftniAion,  which  I 
lately  made  for  a  fricn  I,  contains  42  inches  of  coated  furface,  with  a  cylinder  of  the  fame 
fize  as  the  one  already  defcribed,  and  is  better  adapted  for  making  experiments,  the  box 
being  larger,  and  the  infulation  more  perfedl ;  but  is  not  fo  portable. 

Before  the  former  machine  was  completed,  I  apprehended  that  the  proximity  of  the 
\vood  to  the  colleclor  would  take  off  much  of  the  fluid  ;  but  it  does  not  appear  that 
this  is  the  cafe  at  all  in  giving  ihocks,  nor  even  in  taking  fparks,  unlefs  the  diftance  of  the 
body  to  be  cleftrlfied  from  the  ball  ufed  be  greater  than  the  diftance  from  the  colleftor  to 
the  wood,  or  rather  from  the  adjufting  fcrews  to  the  wood,  for  here  the  tendency  to  ef- 
«  apefeems  to  be  thegreateft.  On  this  account  the  parts  of  the  box  where  the  fluid  has  the 
greatefl  tendency  to  efcape,  are  varniflied  with  fcveral  coats  of  fealing-wax  melted  in  fpiriti 
uf  wine.  How  far  baked  wood  would  be  preferable  to  mahogany  in  its  working  ftate  for 
the  front  and  ends  of  the  box,  1  have  not  attempted  to  afccrtain. 

As  this  machine  is  calculated  to  keep  out  the  humidity  of  the  air,  when  the  hole  for  the 
tobe  is  corked,  and  all  the  glafs,  or  in fulating  parts,  well  varniflied  with  proper  eledbical 
varnifli  i  the  exciting  power  of  the  cylinder,  when  picked  in  good  order,  will  remain  but 
Httle  impaired  for  feveral  hours,  and  fometimes  days  if  kept  in  a  dry  room,  without  frefli 
amalgam.  And  what  may  appear  rather  remarkable,  as  the  flool  is  near  the  cylinder  when 
packed,  if  the  chains  and  tube  be  firfl  properly  fixed,  and  the  drawer  removed,  a  fiiock  may 
be  adminin:ered  with  the  ftool  fcrewed  on,  as  well  as  when  ofi^,  and  to  all  appearance  in  as 
powerful  a  manner :  heijce  the  ftool  may  be  ufed  as  a  prefervative  againft  humidity  in  the 
open  Sir,  in  cafes  of  neceffity. 

i\  fter  what  has  been  faid  of  the  conftruftion  and  ufes  of  this  little  machine,  it  'may  be 
a/ked ;  "  Has  its  efficacy  ever  been  brought  to  the  teft  ?"  I  anfwer.  Yes.  A  gentleman, 
who  is  a  near  relative  of  the  writer  of  this  article,  was  feized  with  a  paralytic  afFeflion,  dur- 
ing breakfaft,  on  September  15,  1797*  which  totally  deprived  him  of  the  ufeof  any  part  of 
his  left  fide,  but  which  was  not  attended  with  pain.  The  beft  medical  afliflance  was  re- 
curred to  for  nearly  a  fortnight,  without  producing  any  apparent  alteration.  The  appe- 
tite and  tendency  to  fleep  remained  nearly  as  ufual  j  but  the  diftortion  of  one  fide  of  the 
mouth  rendered  the  fpeech  fo  inarticulate  as  to  be  nearly  unintelligible.  On  the  27th  of 
the  fame  montli  I  was  permitted  to  adminifter  partial  fliocks  through  different  parts  of  the 
affefled  fide,  which  1  began  at  the  ftriking  diftance  of  one-eighth  of  an  inch  with  the  ma- 
tlfij-y  chine  already  defcribed,  while  the  patient  was  extended  on  a  fofa  j   the  firft  two  or  three 

(hocks  fent  through  the  hand,  were  fcarcely  if  at  all  felt ;  by  and  by  a  fenlation  was  per- 
ceived ;  a  few  larger  fliocks  at  one-fixth  were  then  adminiftered,  wliich  convulfed  the  hand 
a  little,  and  were  fcnfibly  felt  j  a  great  many  more,  at  the  fame  ftriking  diftance,  were  then 
fent  through  moft  of  the  joints  of  tbc  difeafed  fide ;  laftly,  a  few  more,  at  the  diftance  of 

one-fourth ' 
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me-foorth  of  an  incbi  were  dire^d  from  the  ihoul^er  to  the  hand,  and  from  the  knee  to* 
the  foot.    After  being  thus  ele£lri(ied>  the  patient  felt  fome  pain  in  ihe  knee,  where  the 
largeft  (hocks  entered,  and  upon  trial  could  raife  the  leg  a  little  from  the  ground ;  but  the 
han'ci  and  arm  were  motionlefs.     On  the  morning  of  the  28th,  the  patient,  after  a  good 
ileep,  could  raife  the  leg  as  before ;  and,  to  mj  great  fa(isfa£lion,  fuch  an  alteration  had 
taken  place,  that  bjr  a  motion  proceeding  apparently  from  the  (houlder,  the  arm  was  carried 
back  and  forward,  as  if  fufpended  by  a  pin;  but  the  hand  appeared  no  more  than  a  dead 
weight.    Partial  (bocks  of  one -fourth  of  an  inch  were-  adminiftered  as  on  the  preceding: 
evening,  after  which  a  pain  fimilar  to  what  had  been  before  felt  in  the  knee  was  now  felt 
in  the  (houlder;  the  knee  became  fome  what  ftronger,  and  the  arm  more  a£live  in  its  mo* 
tion,  but  the  hand  remained  apparently  dead.     In  the  evening  of  the  28th,  the  patient  was 
in  bed,  and  ele£lri(ied  as  before,  after  which  the  thumb  and  ftrft  finger  could  be  moved  in 
a  fmall  degree.    This  rapid  advance  on  the  firft  application  of  ele£lricity,  could  not,  I  think, 
be  attributed  to  the  efieds  of  medical  af&ftance,  which  had  been  omitted  to  be  ufed  a  few 
days  before,  except  that  a  feton  remained  (which  dill  remains)  ;  nor  yet  to  what  is  called 
the  ^^  vis  medicatrix  naturae,'*  for  this  ufually  operates  flowly.    Shocks  have  continued  ta 
be  ufed  fometimes  from  one  extremity  to  the  other,  in  general  twice  a  day,  ever  fince,  to 
the  prefent  time,  January  13,  1798,  whilft  the  ftriking  didance  has  been  gradually  enlarged 
to  nearly  4-ioths  of  an  inch,  and  the  increafeof  ftrength  and  aflivity  has  been  hitherto  re- 
gular. '   The  patient  at  this  time  can  walk  into  the  ftreet,  or  up  and  down  ftairs,  without 
the  afliftance  of  a  ftick,  and  can  handle  any  thing  of  fmall  weight  in  his  weaker  hand:  in 
fhort,  he  is  happily  become  capable  of  fupcrintending  the  affairs  of  his  family,  and,  I  truft, 
has  reafbn  to  hope  for  ftill  greater  ftrength  by  pcrfevcrrng  in  the  means  hitherto  ufed. 
Other  inftances  could  be  adduced  in  which  this  machine  has  been  ufed  with  as  good  efleft 
as  a  larger  one  in  dtfeafes  of  the  human  body ;  but  a  particular  detail  would  enlarge  the 
bounds  of  this  article,  which  perhaps  will  be  deemed  already  fufficiently  long. 
JLincolfiy  January  13,  1798- 
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S  foon  as  I  had  rendered  my  hygrometer  fufficiently  pcrfeft  to  compare  one  inftru.. 
<nent  with  another,  and  at  the  fame  time  fo  delicate  as  to  immediately  (hew  the  changes 
19  the  atmofphere,  I  was  in  hope  that  I  might  avail  myfelf  of  it  to  foretell  the  changes  o£ 
the  weather*  1  expefted  that  the  hygronriCter  would  nr»ove  towards  dry  on  the  approaching 
fine  weather,  or  towards  moi/l  when  wet  weatlier  was  at  hand ;.  and.it  is  true  that,  in  ge« 
neral,  the  north- eaft  wixid,  which  ufually  with  us  accompanies  fine  weather,  does  caufe  ic 
to  move  towards  dry\  and,  on  the  other  hand,  that  it  indicates  humidity  during,  the  feafona 
of  rain.  But  I  have  fince  obferved  a  very  remarkable  exception  ;  namely,  that  the  time» 
qI  greateft  dtynefs  are  generally  the  precurfors  of  rain. 

♦  This  paper  was  commun'cated  to  tic  Editor  of  La  Decade  Philofophique,  &r  by  Felix  D  fporus,  Rcfii. 
icn^ofthe  French  Republic  at  Qencva.    i  have  tranflaced  it  from  thirUll  work^  No.  4.    N. 

Ever 
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*  Ever  Gbcc  I  made  this  obfervation,  my  thougliM  have  b^n  frequently  directed  to  account 
for  it;  and  it  was  not  till  lately  at  Plombieres  thac  I  found  a  fattsfaAory  caufej  which  I 
iliall  make  the  fubjeft  of  the  prefent  Memoir. 

In  order  to  give  every  poflible  degree  of  certainty  to  my  obfervatiops,  I  kept  my  indru- 
ments  defended  not  only  from  the  direct  rays  of  the  fun,  but  from  every  refle£lion  j  and  I 
obfervcd  their  ilation  daily  at  the  fame  hourSj  but  more  particularly  at  four  in  the  after- 
noon, when  the  greateft  drynefs  ufually  prevails. 

During  the  two  months  that  1  remained  at  Plombieres,  the  greateft  drynefs  I  obferycd  was 
on  the  2d  of  Auguft.  The  hygrometer  indicated  68,5'',  the  thermometer  being  at  22,5«- 
Three  or  four  days  before,  the  liygrometer  at  the  fame  hour  had  ftood  higher  or  nearer  to 
humid,  that  is  to  fay,  86%  or  87®,  though  the  thermometer  was  near  a  degree  higher,  namely 
23,1**,  which  mull  have  proportionally  raifed  the  hygrometer.  It  rained  in  the  evening  of 
the  fame  day  on  which  it  had  been  drieft,  namely,  on  the  2d  of  Auguft.  At  the  fame  time 
that  the  hygrometer  dcfcended,  the  barometer  alio  fell  near  two  lines.  Now  I  have  proved, 
in  my  TLiTays  on  Hygron:etry,  and  by  feveral  experiments,  that  in  an  air  which  is  rarefied  the 
hygrometer  defcends,  and  denotes  a  greater  degree  of  drynefs.  I  therefore  attributed  this 
extraordinary  drynefs  to  the  rarefaclion  of  the  air. 

Cn  my  return  from  Plombieres,  I  purfued  niy  obfervations  with  the  fame  care.  On  the 
29th  of  Auguft  of  this  prefent  year,  at  20  minutes  after  4  in  the  evening,  I  obferved  the  hy- 
grometer at  74®,  while  the  thermometer  ftood  at  22,5°.  On  the  following  day,  at  50  mi- 
nutes after  one,  I  found  the  thermometer  exa£lly  at  the  fame  degree  as  the  evening  before, 
namely,  22,5°,  the  hygrometer  being  at  59,5%  that  is  to  fay,  14,5**  higher  than  the  evening 
before.  I  noted  this  moment,  as  aftbrding  a  valuable  obfervation,  on  account  of  the  iden- 
tity of  height  in  the  thermometer.  It  was  therefore  evident  that  the  drynefs  of  the  air  had 
been  increafed,  not  by  its  heat,  but  by  fome  other  agent,  fuch  as  its  rarity.  In  fad,  the  ba- 
rometer had  dcfcended  more  than  half  a  line.  A  wind  from  the  fouth-weft  prevailed  at  the 
fame  time,  and  it  rained  early  the  next  morning. 

But  the  moft  ftriking  inftance  is  to  be  found  in  my  Eflay  on  Hygrometry.  I  made  this 
obfervation  at  Chamouni  on  the  23d  of  July  1781.  The  hygrometer  ftood  at  41,20,  tlie  ther- 
mometer indicating  at  the  fame  time  20,2**.  But  this  degree  of  heat  was  far  from  fufiicient 
to  produce  fuch  a  degree  of  drynefs ;  for,  by  calculating  from  the  table  at  page  87  of  my 
Effay  on  Hygrometry,  we  find  that  the  difference  of  4^  degrees  of  heat  between  that  day 
and  the  preceding  could  not  deprefs  the  hygrometer  more  than  9  degrees,  inftead  of  20, 
which  it  really  dcfcended.  The  excefs,  namely  1 1  degrees,  muft  therefore  be  attributed  to 
another  caufe,  which  I  conclude  to  be  the  rarefaflion  of  the  air.  The  air  may  be  rarefied 
either  by  the  fall  of  the  barometer,  or  the  direction  of  the  wind.  In  fad,  the  fouth  and 
fouth-iveft  winds  coming  from  lower  countries  than  ours,  and  from  the  fea,  muft  neceflfarily 
rife,  and  thence  become  rarefied,  and  confequently,  as  1  have  faid,  caufe  the  hygrometer  to 
mdvance  towards  dry.  It  is  probable  likewife  that  the  fingular  elevation  t)f  the  valley  of 
Chamouni  above  the  level  of  the  fea.  was  one  of  the  principal  caufes  of  the  drynefs  which 
predominated  in  that  valley  on  the  26th  of  July  1781. 

We  may  therefore  conceive  the  reafon  of  this  phenomenon,  which  at  firft  fight  appears  fo 
ftrange  j  namely,  that  extraordinary  drynefs  fliould  precede  rain,  and  that  the  hygrometer 
Ihould  become,  in  this  manner,  an  afliftant  to  the  barometer,  and  afford  one  of  the  moft  cer- 
tain 


tain  indications  of  change  of  weather.  It  is  to  be  obferved,  that  it  rained  at  Chamouni  the 
next  morning. 

Nature  has  exhibited  figns  of  drynefs  which  do  not  deceive  the  inhabitants  of  the  coun- 
try, and  ferve  to  prediA  ftorms  long  before  hand  }  fuch  as  the  flaccidity  or  drooping  of 
plants  with  large  and  thin  leaves  \  fuch  as  the  gourd  and  the  beet  in  our  gardens,  the  pe-* 
tafite  in  the  fields,  and  the  cacalia  in  the  mountains.  It  is  obferved,  that  the  leaves  of  thefe 
plants  droop  and  incline  towards  the  ground  on  the  approach  of  ftormy  weather ;  and  that 
on  the  contrary  they  fpring  up,  and  aflume  an  appearance  of  vigour,  when  the  dew  or  rain 
has  reftored  the  elafticity  and  natural  frefhnefs  to  their  fibres.  I  mud  add,  that  the  heavy 
rain  in  the  month  of  September  kft  was  preceded  by  a  wind  of  extraordinary  drynefs: 
and  as  we  are  defirous  of  knowing  the  purpofe,  or  at  lead  the  ufe,  of  each  of  the  laws  of  na- 
ture, I  would  remark,  that  thefe  great  droughts  which  precede  (lorms  feem  intended  to  put 
vegetables  into  a  proper  flate  to  obtain  the  greateft  advantage  from  the  rains,  on  which  their 
growth  is  to  depend.  A  dry  air  relaxes  and  empties  their  vefiels,  and  gives  them  the  power 
of  abforbing  the  rain-water  which  fucceeds.  This  water  finds  the  air  through  which  it  falls- 
loaded  with  carbonic  acid  and  other  exhalations  which  give  fertility  to  plants. 

It  is  in  fa£t  obferved,  that  the  rain  of  ftorms  which  fuccecd  uncommonly  dry  weather 
gives  to  vegetables  a  peculiar  growth  and  ftrength,  much  greater  than  are  found  to  fucceed 
other  rains  or  long  continued  wet  weather. 

Hence  we  perceive,  that  the  more  attention  we  pay  to  natural  phenomena,  the  more  rea«^ 
fon  we  find  to  admire  the  order  and  uniformity  which  prevail  in  the  laws  to  which  thcy» 
are  fubje£l. 


A; 


VI. 

On  the  various  Denotninatiom  given  to  the  Alkali  of  Tartar.     By  a  Correfpondent. 
To  Mr.  Nicholson^  Editor  of^^  The  Journal  of  Natural  Philofophy^  isfc'' 

SIR, 

.MONGST  the  numerous  innovations  which  have  taken  place  within  thefe  few  years,, 
nothing  perhaps  has  undergone  fuch  an  infinite  variety  of  modifications  as  the  chemical  no- 
menclature :  fo  far  indeed  has  the  rage  for  novelty  been  carried  in  this  refpeft,  that  every 
perfon  who,  without  a  demonftrable  neceffity  for  the  change,  propofes  at  prefcnt  either  a  new 
fyftem,  or  an  alteration  in  any  one  already  received,  muft  juftly  incur  the  cenfure  of  in- 
creafing  the  confufion  which  fuch  an  endlefs  mutation  of  names  has  already  produced.  I 
fliall  however  beg  leave  to  mention  a  circumftance  which  has  frequently  appeared  to  me  to 
be  a  remarkable  one.  We  have  no  tolerable  appellation  univcrfally  received  in  our  own 
language  for  a  fubftance  which  is  indifputably  in  more  ordinary  ufe  in  the  laboratory,  and 
more  frequently  fpoken  of  in  chemical  writings,  than  any  other— the  pure  alkali  of  tartar. 
Let  us  only  fee  what  arc  the  appellations  which  have  been  given  to  it. 

Kalty  the  name  applied  to  this  fait  by  the  London  College  of  Phyficians,  is  not  only  im- 
proper, as  being  already  that  of  a  genus  of  plants,  but  has  in  fa£t  been  long  ufed  as  the  dif- 
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-ttn£live  appeOation  of  the  other  fixed  alkali,  ill  conieqaonce  of  its  extrafiion  horn  thofe  Te- 

gctables. 

fixed  vegetable  alkaline  fdlt^  the  dcfignation  of  this  fubftance  in  the  Edinburgh  Phannaco- 
poeiai  to  %  nothing  of  its  being  rather  a  defcription  than  a  name,  is  no  Icfr  obje£):ionable 
on  account ^f  its  impropriety.    This  alkali  does  not  feem  to  be  any  more  a  product  of  ve-^ 

getation  than  foda. 

Potafit  ^hc  barbarons  corruption  of  our  word  ptt^ajh  by  the  French  chemifts,  has  with 

.them  at  lead  one  advantage ;  it  does  not  fignify  any  thing  elfe  :  but  when  ro-tranilated  by  us 

into  p$t-ajhy  it  certainly  Incomes  in  the  higheft  degree  obje£kionable>  as  tending  to  confound 

a  fimple  fubftance  in  a  (late  of  chemical  purity,  with  a  heterogeneous  compound  of  very  dif- 

ierent  qualities. 

Spodium^  the  appellation  propofed  by  Dr.  Hopfon,  is  alfb  inappropriate.  This  fait  is  cer- 
tainly not  formed  by  the  procefs  of  incineration  any  more  than  the  other  fixed  alkali  is : 
indeed  barilla,  from  which  the  greater  part  of  the  foda  ufed  in  this  country  is  obtained,  is 
as  immediately  in  the  ftate  of  a  cinder  as  any  fubftance  in  commerce. 

Tartar  in  y  6r,  better  perhaps,  tartar  ine^  is  a  word,  which,  if  not  every  thing  we  could  widi," 
'has  feveral  great  advantages,     ift.  It  (ignifies  nothing  elfe.     2dly.<  It  is  perfedly  appro- 
priate.   Tartar  is  a  fubftance  which  has  been  long  ami  univerfally  known,  and  which  con-* 
tains  tliis  alkali  only  in  combination  with  an  acid  which  is  deftrudible  by  fire  ;  fothat  the 
j^ureft  fpecimen  of  its  carbonate,  which  is  commonly  met  with  in  the  fhops,  is  obtained  from 
it  by  mere  combuftion ;  on  which  account  it  has  been  long  called  by  feveral  compound 
names  analogous  to    the  one  here    fpoken  of,  as  /alt  of  tartar^  alkali  of  tartar^    &c« 
3dly.  The  name  itfelf  recalls  to  the  mind  one  of  the  readieft  and  moft  ordinary  means  of 
•diftinguifliing  the  folution  of  this  fait  from  that  of  foda  by  the  teft  of  the  acid  of  tartac* 
And  4thly.  If  has  already  been  ufed  throughout  the  whole  of  a  work  of  fome  importance, 
which  is  in  the  hands  of  every  chemift ; — a  circumftance  perhaps  efiential  to  the  eftablKh- 
ment  of  any  new  chemical  appellation.    As  the  Latin,  on  account  of  its  faving  the  necef- 
*fity  of  auxiliary  particles,  and  for  fome  other  reafons,  feems  better  adapted  to  fome  of  the  pur- 
pofes  of  a  chemical  nomenclature  than  the  modern  languages,  the  feminine  tartanna  may 
ferve  well  enough  in  this  cafe.     The  word  propofed  in  the  French  nomenclature  will  not 
hj  this  means  become  abfolutely  ufelefs: — the  claflical  chemift  may  ftill  label  his  common 
pot-aih  *'  Potajfa  Rujftcai^  and  its  titles,  if  not  of  equal  antiquity,  will  not  perhaps  be  inferior 
in  elegance  to  thofe  of  its  next-door-neighbour,  the  ^^  Cinera  Perlatir 

But  as  it  is  rather  my  intention  to  point  out  the  difficulty  than  to  ]propofe  the  remedy,  I 
fhall  add  no  more  on  the  fubjeA.  The  wifli  of  every  one  muft  be,  that  by  the  univerial  re- 
ception of  iome  unobjeAionable  appellation,  we  may  be  enabled  to  fpeak  of  this  fubftance 
^thout  impropriety,  or  the  appearance  of  afiedation. 

I  am,  Sir,  your  obedient  fervant,' 

^  PHILONOMUS. 

January  iS^  1798. 
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VII. 

An  Account  of  fame  Experiments  to  determine  the  Force  of  fired  Gunpowder.     By  Benjamih 

Count  of  RuMFORDi  F.R.S.  M.R.L/1. 

[Concluded  from  page  46S.  J 

jA.FTER  tabulating  the  experiments,  of  which  an  ab(tra6^  was  given  in  our  laft  number^ 
the  Count  proceeds  to  afcertain  the  law,  according  to  which  the  elafticitics  increafe  in  pro- 
portion to  the  quantities  of  powder  ufcd  for  the  charge.  For  the  fake  of  brevity,  as  well  ay 
becaufe  the  fubje£l  appears  to  require  (till  further  inveftigation  than  he  has  bellowed  upoa 
it,  I  (hall  refer  the  reader  to  the  paper  itfclf,  inftead  of  attempting  to  give  an  abridged  ac- 
count of  this  part,  and  (hall  proceed  to  relate  the  other  experimental  refults  contained  in  his- 

paper. 

After  having  (hewn  the  extreme  force  of  fired  gunpowder,  he  adverts  to  an  objc£lion: 
•which  may  be  made  againft  his  deduflions.  How  does  it  happen  that  fire-arms  and  ar- 
tillery of  all  kinds,  which  certainly  are  not  calculated  to  withftand  fo  enormous  a  force,  are 
not  always  burft  when  they  arc  ufed  ?  Inftead  of  anfwering  this  queftion,  by  afking  how  it 
happened  that  the  extremely  ftrong  barrel  ufed  in  his  experiment  could  be  burft  by  the  force 
of  gunpowder^  if  this  force  be  not  in  h(k  much  greater  than  it  has  ever  been  fuppofed  to  h^t 
he  proceeds  to  (hew  diat  the  combuftion  of  gunpowder,  inftead  of  being  inftantaneous,  as 
Mr.  Robins's  theory  fuppofes,  is  much  lefs  rapid  than  has  hitherto  been  apprehended  y  an 
obfervation,  which,  if  eftablifhed,  is  certainly  fufficient  to  anfwer  ttie  objedion. 

He  remarks,  that  it  is  a  well  known  fa£i,  that  on  the  difcharge  of  fire-arms  of  all  kinds^. 
cannon  and  mortars  as  well  as  m^ikets,  there  is  always  a  conGderable  quantity  of  uncon- 
fumed  grains  of  gunpowder  blown  out  of  them  ;  and  what  is  Very  remarkable,  as  it  leads  di- 
rectly to  a  difcovery  of  the  caufe  of  this  eSe£i,  thefe  nnconfumed  grains  are  not  merely  blowm 
out  of  the  muzzles  of  fire-arms,  but  come  out  alfo  by  their  vents  or  touch-holes,  where  the 
fire  enters  to  inflame  the  charge,  as  many  perfons  who  have  had  the  misfortune  to  ftand 
with  their  faces  near  the  touch-hole  of  a  mufket,  when  it  has  been  difcharged,  have  found. 

to  their  coft. 

It  appears  extremely  improbable  to  our  author,  if  not  abfolutely  impoflUble,  that  a  grain  of 
gunpowder  a£kually  in  the  chamber  of  tlie  piece,  and  completely  furrounded  by  flame, 
fiioutd,  by  the  a£tion  of  that  very  flame,  be  blown  out  of  it  withput  being  at  the  fame  time^ 
fet  on  fire.  And,  if  this  be  true,  he  confiders  it  as  a  moft  decifive  proof  not  only  that  the 
combuftion  of  gunpowder  is  lefs  rapid  than  it  has  generally  been  tliought  to  be,  but  that  a 
grain  of  gunpowder  a£lually  on  fire,  and  burning  with  the  utmoft  violence  over  the  whole  of. 
its  furface,  may  be  projeded  with  fuch  a  velocity  into  a  cold  atmofphere,  as  to  extinguiOi  the* 
fire,  and  faflfer  the  remains  of  the  grain  to  fall  to  the  ground  unchanged,  ind  as  inflammable 
as  before. 

This  extraordinary  faA  was  afcertained  beyond  all  poflibility  of  doubt  by  the  Count's  ex- 
periments. Having  procured  from  a  powder-mill  in  the  neighbourhood  of  the  city  of  Mu^ 
nich  a  quantity  of  gunpowder,  all  of  tlie  fame  mafs,  but  formed  into  grains  of  very  difl«rent. 
fizes,fome  as  (mall  as  the  grws  of  the  fineft  Battle  powder,  he  placed  a  numbex  of  verticals 
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fcteens  of  very  thin  paper,  one  behind  another,  at  the  diftance  of  12  inches  from  each  others 
and  loading  a  common  mulket  repeatedly  with  this  powder,  fometimes  without  and  fome- 
times  with  a  wad,  he  fired  it  agataft  the  foremoft  fcreen,  and  obferved  the  quantity  and  ef* 
fefts  of  the  uncon  fumed  grains  of  powder  which  impinged  againft  it. 

1  he  fcreens  were  fo  contrived,  by  means  of  double  frames  united  by  hinges,  that  the  pa- 
per could  be  changed  with  very  little  trouble,  and  it  was  actually  changed  after  every  expe- 
riment. 

The  diftance  from  the  muzzle  of  the  gun  to  the  firft  fcreen  was  not  always  the  fame)  in 
fome  of  (he  experiments  it  was  only  8  feet,  in  others  it  was  lo,  and  in  fome  I2  feet. 

The  charge  of  powder  was  varied  in  a  great  number  of  different  ways  \  but  the  moft  in* 
terefting  experiments  were  made  with  one  fingle  large  grain  of  powder,  propelled  by  fmaller 
and  larger  charges  of  very  fine  grained  powder. 

Thcfe  large  grains  never  failed  to  reach  the  fcreen  ;  and  though  they  fometimes  appeared 
to  have  been  broken  into  feveral  pieces  by  the  force  of  the  explofion,  yet  they  frequently 
reached  the  fcreeft  entire  $  and  fometimes  pafled  through  all  the  fcreens  (five  in  number) 
without  being  broken. 

When  they  were  propelled  by  large  charges,  and  confcqucntly  with  great  velocity,  they 
were  feldom  on  fire  when  they  arrived  at  the  firft  fcreen,  which  was  evident  not  only  from 
their  not  fetting  fire  to  the  paper  (which  they  fometimes  did),  but  alfo  from  their  being 
found  fticking  in  a  foft  board,  againft  which  they  ftruck,  after  having  j)aflcd  through  all  the 
five  fcreens ;  or  leaving  vifible  matks  of  their  having  been  impinged  againft  it,  and  being 
broken  to  pieces  and  difperfed  by  the  blow.  Thefe  pieces  were  often  found  lying  on  the 
ground  \  and  from  their  Torms  and  dimenfions,  as  well  as  from  other  appearances,  it  was  of- 
ten quite  evident  that  the  little  globe  of  powder  had  been  on  fire,  and  that  its  diameter  had 
been  diminiflied  by  the  combuftion  before  the  fire  was  put  out,  on  die  globe  being  projefted 
into  the  cold  atmofphere.  The  holes  made  in  the  fcreen  by  the  little  globe  in  its  paflage 
through  them,  feemed  alfo  to  indicate  that  its  diameter  had  been  diminiflied. 

That  thcfe  globes  or  large  grains  of  powder  were  always  fet  on  fire  by  the  combuftion  of 
the  charge,  can  hardly  be  doubted.  This  certainly  happened  in  many  of  the  experiments  ; 
for  they  arrived  at  the  fcreens  on  fire,  and  fet  fire  to  the  paper :  and  in  the  experiments  in 
which  they  were  projefted  with  fmall  velocities,  they  were  often  fcen  to  pafs  through  the 
air  on  fire;  and  when  this  was  the  cafe,  no  veftige  was  to  be  found. 

They  fometimes  pafled  on  fire  through  feveral  of  the  foremoft  fcreens  without  fetting 
them  on  fire,  and  fet  fire  to  one  or  more  of  the  hindmoft,  and  then  went  on  and  im» 
pinged  againft  the  board,  which  was  placed  at  the  diftance  of  I2  inches  behind  the  laft 
fcreen. 

The  Count  then  proceeds  to  mention  another  experiment,  in  which  the  progreffive  com- 
buftion of  gunpowder  was  (hewn  in  a  manner  ftill  more  ftriking  and  not  lefs  conclufive. 

A  fmall  piece  of  red-hot  iron  being  dropped  down  into  the  chamber  of  a  common  horfe- 
piftol,  and  the  piftol  being  elevated  to  an  angle  of  about  45  degrees,  upon  dropping  down 
into  its  barrel,  one  of  the  fmall  globes  of  powder  (of  the  fize  of  a  pea),  it  took  fire,  and  was 
projefted  into  the  atmofphere  by  the  elaftic  fluid  generated  in  its  own  combuftion,  leaving 
a  very  beautiful  train  of  light  behind  it,  and  difappearing  all  at  once  like  a  falling  ftar. 

This  amufing  experiment  was  repeated  very  often,  and  with  globes  of  different  fizes. 

When 
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XVl\cn  vcfy  fmall  ones  were  ufed  fingly,  they  were  commonly  confumed   entirely  before 
they  came  out  of  the  barrel  of  the  piftol ;  but  when  feveral  of  them  were  ufed  together," 
fome,  if  not  all  of  them,  were  commonly  prpjeftcd  into  the  atmofphere  on  fire. 

As  the  flownefs  of  the  combuftion  of  gunpowder  is  undoubtedly  the  caufe  which  has 
prevented  its  enormous  and  almoft  incredible  force  from  being  difcovered,  our  author  de- 
duces, as  an  evident  eonfequence,  that  the  readied  way  to  increafe  its  eflfefts,  is  to  contrive 
matters  fo  as  to  accelerate  its  inflammation  and  combuftion.  This  may  be  done  in  various 
ways ;  but,  in  his  opinion,  the  moft  fimple  and  mofteflfeAual  manner  of  doing  it  would  be 
to  fet  fire  to  the  charge  of  powder,  by  fliooting  (through  a  fmall  opening)  the  flame  of  a 
fmaller  charge  into  the  midft  of  it. 

He  contrived  an  inftrument  on  this  principle  for  firing  cannon  three  or  four  years  ago, 
and  it  was  found,  on  repeated  trials,  to  be  ufeful,  convenient  10  praflicc,  and  not  liable  to^ 
accidents.  It  likewife  fuperfedcs  the  neceffity  of  ufing  priming,  of  vent-tubes,  port-fires, 
and  matches  ;  and  on  that  account  he  imagined  it  might  be  of  ufc  in  the  Britifli  navy. 
Whether  it  has  been  found  to  be  fo  or  not  he  has  not  yet  heard. 

Another  infallible  method  of  incre?fing  very  confiderably  the  efFe£l  of  gunpowder  in  fire- 
arms of  all  forts  and  dimenfions,  would  be  to  caufe  the  bullet  to  fit  the  bore  exaftly,  or 
without  windage,  in  that  part  of  the  bore  at  leaft  where  the  bullet  refts  on  the  charge  5  for, 
when  the  bullet  does  not  completely  clofe  the  opening  of  the  chamber,  not  only  much  of  the 
elaftic  fluid,  generated  in  the  firft  moment  of  the  combuftion  of  the  charge,  efcapes  by  the 
fide  of  the  bullet  %  but,  what  is  of  ftill  greater  importance,  a  confiderable  part  of  the  un- 
confumed  powder  is  blown  out  of  the  chamber  along  with  it  in  a  ftate  of  a£tual  combuftion, 
and,  getting  before  the  bullet,  continues  to  bum  on  as  it  pafles  through  the  whole  length  oi 
the  bore ;  by  which  the  motion  of  the  bullet  is  much  impeded. 

The  lofs  of  force  which  arifes  from  this  caufe,  is  in  fome  cafes  almoft  incredible ;  and  it 
is  by  no  means  difficult  to  contrive  matters  fo  as  to  render  it  very  apparent,  and  alfo  to  pre- 
vent it. 

If  a  common  horfe-piftol  be  fired  with  a  loofe  ball,  and  fo  fmall  a  charge  of  powder  that 
the  ball  fliall  not  be  able  to  penetrate  a  deal  board  fo  deep  as  to  ftick  in  it  when  fired  againft 
it  from  the  diftance  of  fix  feet  -,  the  fame  ball,  difcharged  from  the  fame  piftol  with  the 
fame  charge  of  powder,  may  be  made  to  pafs  quite  through  one  deal  board,  and  bury  itfelf 
in  a  fecond  placed  behind  it,  merely  by  preventing  the  lofs  of  force  which  arifes  from  what  is 
called  windage,  as  he  found  more  than  once  by  adual  experiment. 

He  has  in  his  pofleflion  a  muflcet,  from  which,  with  a  common  muiket  charge  of  powder, 
he  fires  two  bullets  at  once  with  the  fame  velocity  that  a  fingle  buUec  is  difcharged  from  a 
muiket  on  the  common  conftru£);ion  with  the  fame  quantity  of  powder.  And,  what  ren- 
ders the  experiment  ftill  more  ftriking,  the  diameter  of  the  bore  of  his  mufket  is  exa£tly  the 
fame  as  that  of  a  common  mufket,  except  only  in  that  part  of  it  where  it  joins  the  chamber, 
in  which  part  it  is  juft  fo  much  contra£led,  that  the  bullet,  which  is  next  to  the  powder«« 
may  ftick  faft  in  it.  He  adds,  that  though  the  bullets  are  of  the  common  fizc,  and  are  confe- 
quendy  confiderably  lefs  in  diameter  than  the  bore,  means  are  ufed  which  efFcftually  prevent 
the  lofs  of  force  by  windage;  and  to  this  laft  circumftance,  he  concludes,  it  is  doubtlefs  owing/ 
in  a  great  meafure,that  the  charge  appears  to  exert  fo  great  a  force  in  propelling  the  bullets. 

I  Tha% 


jiS  Elafik  Force  of  Gufipowdfr^^^&ironHan. 

Irhat  the  conical  form  of  the  lower  part  of  the  bore  where  it  uuicei  with  the  chamber 
has  a  confiderable  (hare  in  producing  this  extraordinary  e£re<S,  is,  howe?eri  very  certain,, 
as  he  has  found  by  experiments  made  with  a  view  merely  to  aCcertaia  that  fa£l. 

The  remaining  pages  of  the  Count's  paper  are  occupied  by  a  computation^  tending  to- 
fliew,  that  the  forceof  the  elaflic  fluid,  generated  in  the  combuftion  of  gunpowder^  may 
be  fatisfa£toriIy  accounted  for  upon  the  fuppoGtion  that  its  force  depends  folely  on  the 
elafticity  of  watery  vapour  or  (learn.  For  this  purpofe  he  recurs  to  the  experiments  of 
Mr.  Betancour,  publifhed  in  Paris,  under  the  aufpices  of  the  Royal  Academy  of  Sciences» 
in  the  year  179O1  which  (hew  that  the  elafticity  of  fteam  is  doubled, by  every  addition  of 
temperature  equal  to  30  o  of  Fahrenheit.  From  the  Count's  reference,  it  appears  that 
%\tt  experiments  were  carried  as  far  as  280  degrees  of  that  fcale,  in  which  cafe  the  preflure 
was  found  to  be  equal  to  about  four  atmofpheres.  He  affirms,  that /there  does  not  appear 
to  be  any  reafon  why  the  fame  law  fliould  not  hold  in  higher  temperatures,  and  has  there-^ 
fore  extended  his  computations  through  thirteen  more  terms  of  the  geometrical  feries,  the 
laft  of  which  affords  an  elaftic  force  equal  to  more  than  fixty-iive  thoufand  atmofpheres* 
As  an  excufe  for  not  giving  this  computation  in  detail  I  muft  (imply  remark,  that  fome^ 
thing  more  than  a  negative  reafon  fcems  neceflary  to  {uftify  the  extenfion  of  this  law  of  in« 
creafe  from  fo  limited  a  fcale  of  experiments.  For  which  reafon  I  (hall  add  no  more  of 
this  fpeculative  part,  than  merely  that  the  water  of  cryftallization  in  the  nitre,  and  the 
moifture  which  the  charcoal  may  be  conceived  to  retain,  appear  to  be  fully  fufficient  to  ac- 
count for  the  explodve  force  by  means  of  fteam  only,  if  the  dedudlions  from  Mr.  Betancour^s 
experiments  be  admitted. 
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ObfervaAmi    on  Siroftiiaft.       By   Citizen  PjELLMTIEX.       Read  to    the    National  Injlitute 

Tfith  Aprily  1796.* 

iStROMTIAN  is  at  prefent  confideredby  many  foreign  chemifts  as  a  peculiar  earth.  Its 
difcovery  feems  to  me  to  be  due  to  Dr.  Hope,  profeflbr  of  chemiftry  at  Glafgow  ;  he  hav- 
ing firft  detcvibed  its  charaders  and  chemical  properries  in  a  diflertation  which  he  publiihed 
4tb  November,  1793,  and  which  has  (ince  been  printed  in  the  Tranfadions  of^the  Royal 
Society  of  EdinCurgh. .  This  memoir  \%  neverthelefs  pofterier  to  Dr.  Crawford's  diflertation 
en  the  internal  ufe  of  muriate  of  barytes,  in  which  he  announces  that  he  thinks  it  probable 
&at  the  ftrontian  mineral  conuins  an  earth  di&rent  from  barytes  f. 

M,  Klaproth 

*  Tranfiatcdl  from  the  Annal«s  dcChimic,  xxi.  p.  113,  by  J.F~r. 

f  The  fait  obtained  from  the  combination  of  ftrontian  earth  with  murFatic  acid  is  miich  more  folublc  in  hoc 
water  than  in  cold,,  and  confequently  eafily  cryftallijet  by  cooling  :  muriate  of  barytes,  on  the  contrary,  is 
Bcarly  as  folublc  in  cold  water  as  in  hot,  and  cryftalKzes  by  evaporation. 

An  ounce  of  diftilled  water  at  the  temperature  of  70  degrees,  dirtblves  9  drachms  and  50  grains  of  muriate 
•f,  ftrontian  :  the  fame  quantity  of  water,  at  the  (kmc  temperature,  only  diflblYea  3  drachms  and  35  grains  of 
muriate  of  barytes. 

The  fonner  produces  at  Icaft  15  degrees  of  cold  by  its  folution  y  the   latter  not  more  than  5  degrees  at  the 

*  Muriatn 
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M.  Klaproth  Iia«  alfo  examined  ftr^ntfein,  but,  as  it  appears,  fabrequentty  lo  !Dr.  Hope  *, 
or  at  lead,  as  he  docs  not  fpcak  in  his  work  of  Dr.  Hopc^s  cxperimfcnti,  tJiere  is  rcafon  to 
believe  that  they  were  not  known  to  hiifi. 

Strontlan  is  alfo  mentioned  in  M.  Schmeiflfet's  mineralogical  work,  li»  difFerent  ft6m  thii 
€ther  known  earths* 

It  is  in  the  ftatc  of  carbonate  that  it  is  fonnd  in  Argylcfhire  ih  the  wefterh  part  of  the 
north  of  Scotland,  accompanying  a  vein  of  lead-^ore. 

Klaproth)  Blumenbach,  andSnlzer  of  Ronnebourg,  t^\\tA\lJlreAtianite\  Hope  called 
\tJhrontiti.  I  conceive  that  the  name  d  Jlrontian^  taken  from  the  place  where  it  is  found, 
may  be  properly  afligned  to  it,  as  this  word  initfdf  has  no  fignificatlon,  and  cannot  confc- 
quently  render  it  liable  to  be  confounded  with  other  fubftances. 

The  carbonate  of  ftrontian  has  been  for  a  long  time  confidered  as  a  variety  of  native  car- 
bonate of  barytes  ;  1  myfelf  looked  upon  it  as  fuch  in  1791,  from  fonie  aflays  to  which  I 
had  fubjefted  a  fmall  fpcclmen,  which  Mr.  Greville  of  London  had  the  goodnefs  to  pro- 
cure me*  Having  aflayed  it  comparatively  with  the  carbonate  of  barytes  from  Angle^ark, 
which  was  then  called  witherite,  I  thought  I  did  not  at  that  time  perceive  any  remarkable 
dtfTerence  between  the  two  fubftanc^.  Both  of  them  when  fufed  by  the  blow-pipe  afforded 
white  opaque  vitreous  globules,  which,  when  expofed  for  fome  time  to  the  air,  became  re- 
duced to  powder.  Expofed  to  diftillalion  in  a  moderate  heat,  carbonate  of  ftrondan  does 
not,  any  more  than  carbonate  of  batyteSi  ^mit  any  carbonic  acid  gas,  though  they  are  both 
diflblvedby  the  nitric  anckmorittie  acids  with  effervefcenee  atid  a  difengagement  of  this 
gas.  The  (alts  which  refulted  from  thefe  combinations  were  by  no  means  denquefcettt^  and 
I  therefore  took  thofe  of  the  ftrontian  for  nitrate  and  muriate  of  barytes,  and  ftill  rachei* 
becanfc  their  foluttons  were  dec6mpofed  by  the  alkstlme,  calcareous,  and  other  fulpliatesi 
as  is  die  cafe  with  the  barytic  fahs. 

It  is  fome  months  flnce  we  have  been  acquainted  in  France  with  the  labours  of  M.  Klap- 
roth on  the  carbonate  of  ftrontian  ;  but  thofe  of  Dr.  Hope,  although  prior,  were  unknown 
to  us,  and  it  is  only  within  a  few  days  that  I  have  been  apprized  of  them  by  M.  Schmeifler. 

In  a  letter  which  M.  Hermbftoedt  wrote  me  fix  months  ago,,  he  annovnced  that  M.  Klap« 
roth  had  eftablifhed  the  properties  of  ftrontian  as  a  new  earth,  the  difcovery  of  which  had 
be^n  made  feveral  years  ftnce  by  M.  Sulzer,  and  had  been  publiflied  by  M.  Bltimenbach  in 
his  treatife  on  natural  hiftory.  The  diftincUve  chara&ers  which  M.  Klaproth  had  found  in 
the  carbonate  of  ftrontian  were : 

Firft,  That  it  was  fpecifically  lighter  than  native  carbonate  of  barytes  (witherite) ; 

Secondly* 

Muriate  of  barytes  afibrds  by  evaporation  fiattenccl  o6^agonal  cryftals,  two  of  whofe  oppofite  fides  are  always 
•much  longer  dian  the  others  :  muriate  ef  ftrontian,  by  rapidly  cooling,  cryftallizes  in  elongated  filaments,  and, 
when  ilowly  cooled,  in  hexagonal  columns,  of  which  three  fides  are  alternately  wider,  and  the  ethen  narrower, 
and  terminaud  in  obtufe  triangular  pyramids.  Thos,  though  the  carbonate  of  ftrontian  much  rcfemUts  that 
of  barytes,  the(e  two  fubftances  have  very  difierent  qualities.  It  is  probable  that  the  ftrontian  miMtsi  has  for 
Its  bafis  a  new  fpccies  of  earth  which  harffot  hitherto  been  examined,  2M  which  it  is  of  importance  not  to  fub^ 
ftitute  for  barytes  for  medical  ufes.    ExtraQfiom  Dr.  CrawforeCs  Diprtuiion.    P. 

The  above  \i  a  tranflation  of  Citizen  Pclletier's  note.  Not  having  Dr.  Crawford's  tra£^  on  the  terra  fondenfa 
JaUtayOX  muriate  of  barytes,  at  prefent  byme,  I  have  not  been  able  to  examine  the  accuracy  of  the  quotation,  bur 
hasc  DO  reaibn  to  doubt  it,  except  that  I  think,  he  ufes  a  different  nomenclatuit.    T. 


•» 


520  Obfervaticm  on  Sirontiafi. 

Secondly,  That  it  produced  with  th^  nitric,  muriatic,  and  other  acids,  falt9^ which  were 
more  foluble  than  thofe  of  barytes ; 

Thirdly,  that  the  fait  which  it  formed  with  the  muriatic  acid,  being  difTolved  m  alcoholy 
gave  it  the  property  of  burning  with  a  red  flame  ; 

Fourthly  and  laftly.  That  it  might  be  deprived  of  its  carbonic  acid  by  calcination;  and  that 
it  became  by  this  means  foluble  in  water,  and  the  moft  fo  in  boiling  water ;  fo  that  by 
cooling  a  portion  was  feparated  in  a  cryftalline  form* 

The  fpecimen  of  carbonate  of  ftrontian,  which  I  had  in  my  coUedlidn,  was  not  confide-* 
rable  enough  to  admit  of  a  great  number  of  experiments  j  it  was  however  fufficiently  fo  ta 
enable  me  to  repeat  a  part  of  thofe  which  are  related  by  Meflrs.  Hope  and  Klaproth ;  and 
what  moftly  determined  me  to  appropriate  it  to  this  purpofe  was,  that  Cit.  Coquebert  had 
publiflied  in  No.  5  of  the  Journal  des  Mines,  that  from  fome  afiays  which  we  had  made  of 
the  carbonate  of  ftrontian,  I  had  doubted  whetlier  it  contained  a  peculiar  earth.  The  fol- 
lowing are  the  reafons  on  which  my  doubts  were  founded  : 

1.  It  is  feveral  years  fince  I  had  fucceeded  in  difengaging  carbonic  acid  gas  from  carbo* 
xiate  of  barytes  by  calcination  ;  and»  having  then  diflblved  the  calcined  barytes  in  hot  watert 
had  obtained  a  cryftallization  :  I  could  not  therefore  confider  this  character  as  exclufively 
belonging  to  ftrontian. 

2.  I  knew  alfo  that  calcareous  muriate  diflbWed  in  alcohol  gave  it  the  property  of  burn^' 
ing  with  a  red  flame.  This  confideration  induced  me  therefore  to  fufpefl:  a  mixture  of 
calcareous  carbonate  in  that  of  ftrontian,  and  the  fpecimen  which  I  had  wa&  in  fzSt  com* 
bined  with  this  fubftance.  I  {hall  now  deicribe  the  experiments  which  I  have  made  to  en- 
deavour to  deteCt  this  ingredient ;  and,  as  they  were  made  comparatively  with  a  fimilar  fet 
on  the  native  carbonate  of  barytes  (witherite*),  I  have  thought  it  proper  to  prefent  them  to- 
gether, that  it  may  be  feen  in  what  refpeds  the  carbonate  of  ftrontian  refembles,  and  ia 
what  it  differs  from  it. 

Comparifon  of  Strontian  and  Barytes. 

1,  CARBONATE  of  barytes  is  found  with  fulphate  of  barytes  in  a  lead-mine  at  Anglezarfc, 
(near  Chorley )  in  Lancafhire*.  Carbonate  of  ftrontian  is  found  at  Strontian  in  Argylefhlre^ 
alfo  accompanying  a  lead-ore  with  fulphate  of  barytes. 

2.  The  carbonate  of  barytes  from  Anglezark,  taken  internally,  is  poifonous,  fo  that  iii 
that  country  it  b  known  by  the  name  of  rat-ftone  fpierre  contre  les  rats].  A  little  dog  to 
which  I  had  given  fifteen  grains  was  feized  with  vomiting,  and  died  eight  hours  afterwards  ; 
and  having  given  to  another  of  apparentlyequalftrcngth  fifteen  grains  of  carbonate  of  barytes 
obtained  from  the  decompofition  of  the  fulphate,  it  was  alfo  feized  with  vomiting,  and  died 
fifteen  hours  afterwards  :  the  latter  was  opened  by  Cit.  Chauflier.  Another  dog  to  which 
I  had  given  a  like  quantity  of  carbonate  of  barytes,  prepared  from  fulphate  of  barytes  from 
the  ci-devant  province  of  Auvergne,  had  vomitings,  but  did  not  die,  though  he  took  it 
two  days  fucceflively  :  he  vomited  each  time.  I  purpofe  to  repeat  thefe  experiments  with 
carbonates  of  barytes  procured  from  different  barytic  fulghates,  and  efpecially  thofe  which, 
are  not  accompanied  by  any  metallic  ores.  The  carbonate  of  flrontian,  on  the  contrary, 
may  be  taken  internally  without  danger.     I  gave  20  grains  of  it  to  a  little  dog,  but  he  was 

*  Seethe  Manchcfter  Memoirs,  iii.  5<>8.    T. 
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not  feisBcd  wjth  arty  vomiting,  and  twepty  howis  aftcnirardfi  I  did  not  at  all  perceive  that  he 
liad  felt  the  fmaUeft  inconvenience.  It  wUl  be  proper  to  repeat  ihia  experiment  widi 
ftrongcr  dofes.  Bhimcnbach  was  alfo  convincea  cb^t  the  carbonate  of  ftrontian,  taken  in- 
ternally, did  not  at  aD  derange  the  animal  ceconomy.  Thefe  obfcrvationj,  therefore,  point 
out  a  difference  beti^eeh  ftrontian  and  barytes. 

3.  The  colour  of  the  caibonatc  of  barytes  frqai  Auglezark  is  a  grey  white :  it  is  {091^ 
times  fouQd  cryfta&ia^>  ^nt  more  commonly  in  a  ftriated  mafs.  Its  fpecific  gravity  is  from 
4.2919  to  4.37 1  o.  The  colour  of  carbonate  of  ft^ootian  is  a  light  green,  though  it  is  fome* 
times  found  colourlefs  and  tranfparent :  it  is  ftriated,  and  fometimes  of  aregular  cryftalline 
fovm.  Its  fpecific  gravity  is  from  3*6583  to  3<675o  *•  This  carbonate  is  confequently 
lighter  than  that  of  barytes. 

4.  Native  carbonate  of  barytes^  expofed  to  a  fire  whicli  is  not  too  violent,  fcarcely  lofea- 
any  thing  of  its  weight :  in  a  ftronger  one  it  attacks  the  crucible,  and  pafles  into  fufion.. 
Carbonate  of  ftrontian  alfo  retains  the  carbonic  acid  pretty  ftrongly ;  but  widi  caution,  and 
a  proper  continuance  of  Heat,  the  carbonic  acid  may  be  feparated  in  the  proportion  of  five 
or  fix  hundredths  of  the  &lt,  without  its  attacking  die  crucible  :  forac  care  muft,  however*. 
i^  taken  not  to  have  the  fire  too  ftrong,  as  the  earth  would,  in  that  caie,  attack  the  cru-* 
ciblcy  and  run  into  a  chryfolite-ccdourcd  glafs.  Tht  carbonic  acid  therefore  is  left  ftrongly 
retained  in  carbonate  of  ftrontian  than  in  that  of  barytes. 

5.  Meflrs.  Hope  and  Klaproth  had  obferved,  that  ealcined  ftrontian  was  ibluble  in  water, 
and  that,  when  boiling,  it  diflblved  a  fufiicient  quantity  to  afford  cryftals  by  cooHng ;  fo  that 
thefe  two  chemifts  regarded  this  property  in  ftrontian  as  a  diftindMve  character.  M.  Klap- 
roth efpecially  never  (ueceeded  in  calcimngthe  native  cai1>onic  of  barytes  fufficiently  to  try 
its  folubility  in  that  ftate.  When  he  gave  it  but  a  fmall  degree  of  heat,  it  was  not  deprived 
of  its  carbonic  acid ;  and  when  he  applied  a  greater,  it  became  vitrified.  *  Dr.  Hope  an- 
nounced, in  a  f\ipplement  to  his  memoir,  ^t  he  had  found  means  to  calcine  die  nativo  • 
carbonate  of  barytes  in  a  black-lead  crucible,  and  that  he  found  this  earth,  thus  calcined, 
was,  as  well  as  ftrontian,  foluble  in  boiling  water/andfufceptibleof  cryftallization  ;  which 
properties  he  has  accordingly  ceafed  to  confider,  fince  that  time,  as  chara^ers  peculiar  to 
ftrontian.  I  have  alfo  fucceeded  in  feparating  with  facility  the  carbonic  acid  from  both  the 
native  atid* artificial  carbonates  of  barytes,  as  well  as  that  of  ftrontian,  without  ufirrg  black-leacf 
crucibles ;  and  I  fliall  here  defcribe  the  method  which  has  conftantly  proved  Aiccefsful:  with 
me,  and  the  comparative  experiments  which  I  have  made  on  this  fubjed. 

Procefs  fir  fepurtittng  the  Carbnlc  Mid  ^om  the  Carbonates  of  Barytes  and  Strontian. 

I.  TO  100  grains  of  native  carbonate  of  barytes.ia  powdflV  K  ^4dfl4  10  giraioa  olpoiN 

dered  charcoal ;  and,  the  whole  being  well  mixed,  I  made  it  into  a  ftiff  pafte  with  boiled 
ftarch,  and  rolled  it  into  a  ball.    Having  put  into, «  crucible  a  little  frefli-bumt  charcoal 

"^  In  the  (peciBc  gravities  in  the  original,  that  of  diflilled  water  is  fuppofed  to  be  xo»  the  decimal  point 
being  put  one  place  more  forward  than  is  here  done.  I  have  ventured,  in  conformity  to  the  more  uTualy 
and,  as  I  think,  more  convenient,  method  of  putting  unity  for  this  common  meafure,  to  point  them  at 
abbve.    T# 

Vol*  I.— February  1 7p8*  3X         ^  in; 


i;2%  .  Ob/ervatlons  tn  itrontian. 

in  powder,  anrl  laid  the  ball  on  it,  I  covered  it  with  powdered  charcoal,  and  luted  on  a 
cover  with  common  loam.  Things  being  thus  difpofed,  the  crucible  was  kept  in  s 
very  ftrong  fire  for- a  full  hour,  which  time  was  fufficient  to  difengage  the  carbonic  acid« 
The  crucible  being  cold,  I  opened  it,  and  found  the  little  ball  perfeftly  compad  j  but  itf 
now  weighed  only  70  grains.  I  then  triturated  it  in  a  glafs-mortar  with  about  nine  ounces 
of  boiling  water,  filtrated  the  liquor,  and,  in  order  to  difpofe  it  tlic  mote  to  cryftallization, 
put  it  into  a  glafs  retort,  to  feparate  a  portion  ef  the  water  by  diftilUtion.  By  coolbig, 
tlicre  were  formed  in  the  retort  cryftals  feveral  lines  in  length. 

2.  One  hundred  gjrains  of  carbonate  of  barytes  prepared  from  the  fulphate  by  the  ordi- 
nary procedes  were  treated  with  10  grains  of  powdered  charcoal>  as  above  defcribed>  and 
the  crucible  equally  expofed  to  heat  for  only  an  hour.  Having  then  treated  the  refidue 
with  boiling  water,  and  concentrated  the  liquor  in  a  retort,  I  obtaiucdj  on  its  cooling, 
cryftals  fimilar  to  thofe  before  mentioned. 

3.  One  hundred  grains  of  carbonate  of  (trontian  being  treated  in  the  fame,  manner,  the 
refidue,  after  calcination,  weighed  only  72  grains.  Its  folution  in  hot  water  appeared  to- 
me more  faturated  than  that  of  barytes ;  and,  without  liaving  recourfe  to  concentrarion,  I 
obtained  cryftals  on  its  cooling,  though  I  had  ufed  about  the  fame  quantity  of  water'  as  in 
die  preceding  experiments.  I  do  not,  however,  believe  tliat  (Irontian  is  much  more  folubic 
than  barytes  \  for  in  feveral  other  experiments  I  have  had  folutions  of  barytes  fo  fully  fatu-^ 
rated  as  to  cryftallize  by  cooling  confufedly  and  in  a  mafs.  Thus  it  is  very  evident  that  the 
a£iion  of  fire  feparates  carbonic  acid  from  barytes  and  ftrontian^  and  that  thefe  earths  then 
become  foluble  in  water,  and  in  larger  quantity  if  boiling,  fo  as  to  give  cryftals  by  cooling* 
This  chara£ter  '  does  not  therefore  belong  exclufively  to  ftrontian,  as  M.  Klaproth  fup^ 
pofes.  ' 

I  have  alfo  remarked  that  the  aqueous  folutions^  botli  of  barytes  and  ftrontian,  when 
pure  or  calcined^  have  an  odour  fomewhat  fimilar  to  that  of  cauftic  pot-a(b  or  (oda^  or 
what  is  commonly  called  a  lixivious  odour. 

Habitudes  <f  the  Carbonates  of  Barytes  and  Strontian. 

With  nitric  acid.  NATIVE  carbonate  of  barytes  was  totally  diflblved  by  diluted  nitric  acldt 
and  the  folution  attended  with  a  difengagement  of  carbonic  acid  gass  in  the  proportion  of 
twenty-two  parts  in  the  hundred.  The  concentrated  liquor  afforded  cryftalsy  the  inoft 
ordinary  figure  of  which  was  oAahedraL 

One  hundred  grains  of  carbcmate  of  ftrontian  were  alfo  diflblved  in  nitric  acid  i  but 
the  difengagement  of  carbonic  acid  gas  was  more  confiderable  than  in  the  preceding  ex* 
periment,  the  proportion  being  thirty  hundredths.  The  fait  which  refults  from  this  com« 
bination  alio  cryftalHsea  in  oAahedrons. 

[T0  be  cotttinued^'] 
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N  the  firft  of  Brumaire  (21  Oft.  1797.)  Citizen  Garnerin  made  the  experiment  of  the 
parachute  at  the  Garden  de  Moufleaux  *.  This  experiment  has  not  been  before  attempted 
at  Paris.  Blanchard  had  the  notion  foon  after  the  difcovery  of  balloons  ;  and  at  feveral  dif- 
ferent towns,  particularly  Lifle^  he  let  fall  from  the  veflel  of  his  balloon  dogs  and  other  ani« 
mals.  Some  years  ago  he  ventured  to  defcend  in  perfon  in  an  experiment  he-made  at  Bale; 
but  either  from  the  bad  conftruftion  o£  his  parachute^  or  by  falling  among  trees^  he  had  the 
misfortune  to  break  one  of  his  legs. 

Citizen  Garnerin  was  more  fortunate^  and  has  given  the  mod  fatisfaftory  proofs  of  his 
(kill,  firmnefs,  and  intrepidity,  which  the  impatient  public  had  feemed  to  doubt  at  the 
Garden  Biron.  Notwithftanding  the  hade  with  which  this  philofopher  was  obliged  to 
make  his  preparations,  and  feveral  accidents  which  happened  to  his  apparatus,  he  afcended 
from  the  Garden  de  Moufleaux  at  half  paft  five  in  the  evening.  Between  the  balloon  and 
the  veflel  was  placed  the  parachute,  half  opened,  and  forming  a  kind  of  tent  over  the  aerial 
traveller.  The  wind,  which  through  the  courfe  of  the  day  had  been  violent,  was  now.  be- 
come calm,  as  if  to  favour  his  enterprife,  and  carried  him  to  the  northward,  over  the  plain  of 
Moufleaux.  Full  of  that  intereff^  that  infurmountable  emotion  which  feizes  us  on  beholding 
a  man  quit  the  earth  and  advance  towards  the  clouds  by  an  apparatus  fo  majeftic,  the  eyes 
of  the  fpeftators  were  fixed  on  the  balloon,  which  rofe  with  rapidity.  When  it  was  at  a  con- 
fiderable  height,  the  parachute  and  veflel  were  feen  at  once  to  feparate  from  the  balloon ; 
the  latter  of  which  burft  (celui-ci  eclate),  emptied  itfelf,  and  floated  down  with  the  wind. 
The  parachute  unfolded  itfelf,  while  the  veflel  which  ferved  as  ballafl:  drew  it  towards  the 
earth.  Its  fall  was  at  firft  flow  and  vertical ;  but  foon  afterwards  it  exhibited  a  kind  of 
balancing  or  vibration,  and  a  rotation  gradually  increafing,  which  might  be  compared  with 
that  of  a  leaf  falling  from  a  tree.  Cries  expreflive  of  the  general  terror  and  aftonifliment 
were  heard  on  all  fides.  The  crowd  ruflied  towards  the  place  of  his  defcent,  where  at  length 
the  aeronaut  landed,  and  without  injury.  Emotions  of  joy  and  congratulation  fucceeded 
thofe  of  alarm,  and  he  was  brought  back  in  triumph  to  the  Garden  of  Mouflleaut. 

Such  was  the  experiment.  The  narrator  then  proceeds  to  give  the  following  detail  :-«»Tlie 
parachute,  which  refembles  a  vaft  umbrella,  is  of  cloth,  and  its  diameter,  when  unfolded,  is 
25  feet.  Citizen  Garnerin  eftimates  the  height  from  which  he  fell  at  300  toifes,  but  C.  Say 
reckons  it  no  more  than  one-third  of  that  fpacef.  He  had  75  pounds. of  ballaft  in  his  car 
at  the  moment  of  his  fall,  which  he  fays  he  (hould  have  thrown  out,  if  he  had  not  been 
apprehenfive  of  wounding  the  fpe£lators  below.  C.  Say  thinks  he  would  have  done  very 
ijirrong ;  becaufe  the  danger  to  which  he  was  expofed  did  not  arife  from  the  velocity  of  his 
fall,  but  the  vibration  of  the  car,  which  might  have  ftruck  him  againft  the  earth,  or  againfl: 
'  walls,  trees,  or  other  prominences.  Now,  if  he  had  thrown  out  his  ballaft,  the  remarker 
thinks  he  would  have  rendered  the  vibration  much  more  rapid,  extenfive,  and  dangerous,  and 
perhaps  even  have  caufed  his  parachute  to  overfet,  and  the  whole  to  fall  in  a  mafs. 

The  author  explains  the  theory  of  the  parachute  by  obferving  that  the  refiftance  of  the  air 

^  This  account  was  drawn  up  by  J.  B.  Say,  Editor  of  La  Decade  philorophtque,  literaire,  et  politique,  No.  4. 
f  In  the  way  of  rough  illuftration;  ;this  may  be  dated  at  once  and  a  half  the  height  of  St.  PauPt  Cathedral  in 
Lo&doo.    N. 
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and  gravitation  are  two  forces  which  a6l  at  the  fame  time  on  the  whole  (yft^ftt  of  the  machine; 
that  gravitation  afts  as  if  the  whole  mafs  were  united  at  its  centre  of/gravity,  while  the  re- 
finance a£is  as  If  the  whole  of  this  mafs  i^a&  anited  at  another  centre  Itttle  diftant  ffdm  the 
centre  of  gravity  of  the  cloth  which  forms  the  parachute,  aild  very  diflrereht  from  the  former* 
The  parachute  may  be  confidered  as  fufpended  in  the  air  by  this  centre  of  refiftance. 

If  the  centre  of  gravity  be  not  vertically  beneath  the  centre  of  refiftance  wheA  the  para- 
chute is  properly  placed,  it  is  evident  (fays  he)  that  it  will  incline  to  one  fide,  defcend  ob- 
liquely, ofcUlate,  and  the  fmalleft  irrcgulaVity  in  its  figure  will  caufe  h  to  turn  round  Its- 
vertical  axis.  It  is  alfo  important  that  thefe  two  centres  (hould  be  at  a  diftance  from  each 
other,  Gnce  the  ofcillations  will  more  readily  take  place  the  nearer  they  are.  If  they  were 
coincident,  there  would  be  no  caufe  why  the  whole  apparatus  fhonld  not  overfct.  C.  Say 
therefore  propofes  that  the  car  or  part  of  the  ballaft  fhould  be  fufpended  at  a  conCderabtc 
diftancc  below  the  parachute.  ____..___ 

ACCOUNTS  OF  BOOKS. 
Recherches  exp^rimentales  fur  le  Principe  de  la  Communication  lat^rale  du  Mouvement 
dans  les  Fluides,  applique  a  TExplication  de  differens  Phcnomenes  hydraaliques.  Par 
le  Citoyen  J.  B.  Venturi,  ProfeiTeur  de  Phyfiqiie  experimentale  i  Modene,  Membre  die 
la  Societe  Italienne,  &c.  &c.  A  Paris,  chez  Houel  8c  Ducros,  Rue  da  Bacq«  No.  94o<-^ 
Theophile  Barrois,  Rue  Haute-fenille,  No.  22.  Ann.  VI.  J797.— Or,  Experimental 
.Refearches  concerning  the  Principle  of  the  lateral  Communication  of  Motion  m  Fluids^ 
applied  to  the  Explanation  of  various  Hydraulic  Phenomena.  By  Citizen  J.  B.  VentQri> 
Frofeflbr  of  Experimental  Philofophy  at  Modena,  Sec.  &c. 

I  HAVE  been  favoured  with  a  copy  of  this  curious  and  interefting  work  by  the  learned 
Profeflbr,  which  I  have  read  with  much  pleafure.  The  commifllon  nominated  for-that  pur- 
pofe  by  the  National  Inftitute  of  France  have  given  a  very  correft  analyfis,  which  1  (hail 
(chiefly  follow  in  my  account. 

Citizen  Venturi  has  introduced  an  horizontal  current  of  wafer  Into  a  veflel  filled  with 
the  fame  fluid  at  reft.  This  ftream  entering  the  veflel  with  a  certain  velocity,  paflfes  through 
a  portion  of  the  fluid,  and  is  then  received  in  an  inclined  channel,  the  bottom  of  which 
gradually  rifes,  until  it  pafles  over  the  border  or  rim  of  the  vcflfel  itfelf.  The  eflfcft  i^  found 
to  he,  not  only  that  the  ftream  itfelf  pafles  out  of  the  veflel  through  the  channel,  but 
carries  along  with  it  the  fluid  contained  in  the  veflel  \  fo  that  after  a  {hort  time  no  moitoi 
the  fluid  remains  than  was  originally  below  the  aperture  at  which  the  ftream  enters.  This 
faA  is  adopted  as  a  principle  or  primitive  phenomenon  by  the  author,  under  the  denoinihatioii 
of  the  lateral  communication  of  motion  in  fluids,  and  to  this  he  refers  many  iihportant 
hydraulic  faAs*  He  does  not  undertake  to  give  an  explanation  of  this  principle,  but  fliew8» 
p.  37)  that  the  mutual  attraction  of  the  particles  of  water  is  far  from  being  a  fufficient  caufe 
to  Account  for  it. 

The  firft  phenomenon  which  the  author  propofes  to  explain  by  this  eftablifhed  principle  Is 
the  emiflion  of  a  fluid  through  diflRsrent  adjutages  applied  to  the  refervoir  which  contains  it. 
It  is  known  that  the  vein  of  fluid  which  iflues  from  an  orifice  or  perforation  through  a  thin 
plate,  becomes  contrailed,  fo  as  to  exhibit  a  fcGion  equal  to  about  0,64  of  the  orifice  itfelf, 
-fuppofed  to  be  circular  \  and  that  the  place  of  the  greatcft  contraClion  is  ufually  at  the  dif- 
tancc 
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tahcc  of  one  fcmi-diatnctcr  of  the  orifice  itfelf.  If  a  fmall  adjutage  be  adapted  to  the  ori- 
fice/having its  inierlval  cavity  of  the  fame  conoidal  form  as  the  fluid  itfdf  afiefts  in  tii«t 
Internal,  the  expenditure  is  the  fame  as  by  the.fimple  orifice.  But  if  at  the  ettreknity  cf 
this  adjutage  a  cylindric  tube  be  affixed,  of  a  greater  diameter  than  that  of  the  contraAed 
vein,  or  a  divergent  conicaf  tube,  the  expencc  of  fluid  increafes,  and  may  exceed  the  doulile 
of  that  which  pafles  through  the  aperture  in  the  thin  plate,  though-  the  adjutage  poflefs  aa- 
horizontal  or  even  afcending  direction. 

By  the  interpoCtion  of  a  fmall  adjutage,  adapted  to  the  form  of  the  contracted  vel&». 
Citizen  Venturi  afcertaincd,  in  the  firft  place,  that  there  is  an  increafe  of  velocity  in  the 
tubes  l>e  employed,  though  the  velocity  of  emiflion  itfelf  be  lefs  than  that  of  the  ftretnl 
which  ilTues  from  aA  hole  in  a  thin  plate.  He  aftervirards  proves,  by  the  fa£t,  that  HA 
Interior  velocity  and  expenditure  of  fluid,  which  is  increafed  through  tubes,  even  in  the 
horizontal  or  afcending  direction,  is  owihg  to  the  preflure  of  the  atmofphere.  If  the  fmalleft 
hole  be  made  in  (he  fide  of  the  tube  near  the  place  of  contradion  of  the  vein,  the  increafed* 
expenditure  does  not  take  place ;  and  when  a  vertical  tube  is  inferted  in  fuch  a  hble^. 
the  lower  end  of  which  tube  is  immerfed  in  water  or  mercury,  it  is  found  that  afpira- 
tion  takes  place,  and  the  water  or  mercury  rifes ;  and  this  afpiration  in  conical  tubes  is  lefs 
in  proportion,  as  the  place  x>f  infcrtion  of  the  upright  tube  is  more  remote  from  the  feflion^ 
where  the  greatelt  contraQion  would  have  taken  place.  And,  lafl:ly,  the  diflFcrence  be* 
tween  the  expenditure  of  fluid,  through  an  otifice  made  in  a  thin  plate,  and  that  which  i$ 
obfei^ed  through  an  additional  tube,  does  not  take  place  in  vacuo. 

The  influence  of  the  weight  of  the  atmofphere  on  the  horizontal  or  afcending  flux  bein^: 
thu8  efiabliihed,  the  author  confiders  it  as  a  fecondary  caufe,  referable  to,  and  explicable  by^. 
his  principle  of  the  lateral  communication  of  motion  in  fluids.     In  conical  divergent  tubes^ 
for  example,  the  effcft  of  this  lateral  communication  is,  that  the  central  cylindrical  jet,  hav- 
ing for  its  bafis  the  feflion  of  the  contrafted  Vein,  carries  with  it  the  lateral  fluid  which* 
would  have  remained  ftagnant  in  the  enlarged  part  of  the  cone.     Hence  a  vacuum  tends  to 
be  produced  in  this  enlarged  part  which  furrounds  the  central  cyh'ndric  ftream  ;  the  preflure- 
of  the  atmofphere  becomes  aftive  to  fupply  the  void,  and  is  exerted  on  the  furface  of  the  re- 
fervoir,  fo  as  to  increafe  the  velocity  of  the  fluid  at  the  interior  extremity  of  the  tube. 

The  author  proves,  that  the  velocity  or  total  expenditure  of  fluid  through  an  aper- 
ture of  given  dimcnfions,  may  be  increafed  by  a  proper  adjutage  in  the  proportion  of  24 
to  10  :  he  applies  tliis  refult  to  the  conftruftion  of  the  funnels  of  chinpheys.  He 
iletermines  the  lofs  of  emitt^^d  fluid,  which  may  be  fuitain^d  by  finuofity  in  pipes.  He 
{hews  by  experiment,  that  a  pipe  which  is  enlarged  in  any  part,  affords  a  much  lefs  quan- 
tity of  fluid  than  if  it  were  throughout  of  a  dianveter  equal  to  that  of  its  fbaallefl: 
ic£lion.  This,  ^  he  remarks,  is  a  circumftance  to  which  fulBcient  attention  has  not  been 
paid  in  the  conftruftion  of  hydraulic  machines.  It  is  not  enough  to  avoid  elbows  aed 
contraftions ;  for  it  fometimes  happens,  that  by  an  intermediate  enlargement  the  whole  of 
the  advantage  arifihg  from  other  judicious  difpofitions  of  the  parts  of  the  machine  is  loft. 

There  are  two  caufes  of  the  increafe  of  expenditure  through  defcending  pipes.    The  firft 

IS  owing  to  the  lateral  communication  of  motion  which  takes  place  in  defcending  pipes,  in 

the  fame  manner  as  in  thofe  which  poflefs  an  horizontal  fituation  ;  the  iecond  arifes  from 

the  acceleration  by  gravity  which  takes  place  in  the  fluid  while  it  falls  through  the  defcend- 
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.ing  tube.  This  fccond  kind  of  augmentation  was  known  to  the  ancients,  though  they  poC- 
fcfied  no  good  theory  nor  decifive  experiments  refpeiSUng  it.  The  author  endeavours  to 
eftablifh  a  theory  on  the  principle  of  virtual  afcenGon  combined  with  the  preiTure  of  the  at- 
mofphere.  His  dedufiions  are  confirmed  by  experiment|  in  which  he  has  fucceeded  fo 
far  as  to  feparate  the  two  caufes  of  augmentation,  and  affigned  to  each  their  refpedlive  de- 
gree of  influence. 

Citizen  Vcnturi  then  proceeds  to  different  objedls  of  enquiry,  to  which  his  principle 
feemed  applicable.  He  gives  the  theory  of  the  water-blowing  *  machine,  and  he  deter- 
mines by  calculation  the  quantity  of  air  which  one  of  thefe  machines  can  afford  in  a  given 
time.  He  obferves,  that  the  natural  falls  of  water  in  the  mountains  always  produce  a  local 
wind ;  and  he  even  thinks,  that  the  falling  ftreams  in  the  internal  parts  of  mountains  are 
in  fome  inflances  the  caufe  of  the  winds  which  iflue  from  caves.  He  proves,  by  the  faclSf 
that  it  is  poffible  in  certain  inftances  to  carry  off,  without  any  machinery,  the  waters  from  a 
fpot  of  ground,  though  it  may  be  fituated  on  a  lower  level  than  that  of  the  channel  which 
is  to  receive  the  water. 

The  whirlpools,  or  circular  eddies  of  water  fo  frequent  in  rivers,  are,  according  to  the 
theory  of  our  author,  the  cfie£t  of  motion  communicated  from  the  parts  of  the  current  which 
are  mofl  rapid,  .to  thofe  lateral  parts  which  are  leaft  fo.  In  the  application  of  this  principle, 
he  points  out  the  circumflances  adapted  to  produce  fuch  eddies  at  the  furface  or  at  the  bot- 
tom of  rivers.  He  concludes,  that  every  movement  of  this  kind  deflroys  a  part  of  the  force 
of  the  current,  and  that  in  a  channel  through  which  water  conftantly  flows,  the  height  of 
this  fluid  will  be  greater  than  it  would  have  been  if  the  dimenlions  of  the  channel  had  been 
uniformly  reduced  to  the  meafure  of  its  fmallefl  fe<9ion. 

There  is  another  kind  of  whirling  motion  fomewhat  different  in  its  nature  from  thefe 
lafL  It  is  produced  in  the  water  of  a  refervoir,  when  it  is  fuffered  to  flow  through  an  hori- 
zontal/>rificc.  The  author  deduces  the  theory  of  thefe  vortices  from  the  do£lrine  of  cen- 
tral forces.  The  form  of  tlie  hollow  funnel,  which  in  tliis  cafe  opens  through  the  fluid  of 
the  refervoir,  is  a  curve  of  tlie  64th  fpecies  of  the  lines  of  the  third  order,  enumerated  by 
Newton.  Theory  and  experiment  both  unite  here  in  proving,  that  it  is  not  only  pof&ble,  but 
that  there  really  ezifts  in  nature  a  vortex,  the  concavity.of  which  is  convex  towards  the  axis^ 
and  of  which  the  revolutions  of  its  different  parts  follow  the  ratio  of  the  fquare  of  tlie  di(^ 
tance  from  the  centre.  Daniel  Bernoulli  was  In  the  wrong,  in  his  Hydrodynamics,  to  re- 
proach Newton  for  having  fuppofed  a  vortex  to  be  moved  according  to  this  law. 

In  the  laft  place,  the  author  confiders  that  lateral  communication  of  motion  which 
takes  place  in  Ae  air  as  well  as  in  the  water.     This  is  the  caufe  of  fuch  local  and  partial 

*  So^ffiet  iteau.  It  is  alfo  called  tromp/'^  but  we  have  no  appropriate  name  for  this  engine  in  Englifli.  The 
reader  may  confult  Lcwii't  Phiiofophical  Commerce  of  Ans,  and  Chapul's  Elements  of  Chemiftry,  for  dc- 
fcriptions.  It  confiftsof  an  upright  pipe,  through  which  a  ihowerof  water  is  made  to  fall.  Thisihower  carries 
down  a  roafs  of  air  with  it,  which  is  received  beneath  a  kind  of  tub,  and  conduced  to  ihc  furnace  by  meant 
of  a  pipe.  The  moft  rem^kable  natural  phenomenon  of  this  kind  is  the  fquall  at  fea.  When  a  cloud  fuddenly 
falls  in  the  form  of  raui,  it  drives  down  a  ponion  of  the  atmofphcrc,  which  glides  rapidly  along  the  furface  of 
the  fea,  and  is  capable  of  fuddenly  overfctting  vcffels,  or  carrying  away  their  mails.  It  may  eafify  be  imagined, 
that  fcamen  are  very  attentive  to  look  out  for  this  phenomenon,  and  to  guard  againft  it  in  time  by  lowering  their 
fails,  &c.    N. 
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iRfinds  as  fomctimcs  blow  contrary  to  the  direftion  of  the  general  wind.  It  is  by  virtue  of 
the  fame  principle,  that  the  refonant  vibration,  excited  laterally  in  the  extremity  of  an  or* 
gan-pipCj  is  communicated  to  the  whole  column  of  air  contained  in  the  pipe  itfelf* 

From  the  fame  principle,  the  author  deduces  the  augmentation  of  force  which  found  re- 
ceives in  conical  divergent  tubes,  compared  with  thofe  of  a  cylindrical  form.  On  this  occa- 
fion,  he  points  out  the  remarkable  differences  which  appear  to  take  place  between  the  refo- 
nant vibrations  of  ftir  contained  in  a  tube,  and  the  fonorous  pulfacions  propagated  through 
the  open  atmofphere. 

In  an  Appendix,  Citizen  Venturi  relates  diiFerent  experiments  which  he  has  made  to  de- 
termine the  convergence  and  velocity  of  the  fluid  filaments  which  prels  lorward  co  ifluc 
out  of  a  refcrvoir  by  an  orifice  through  a  thin  plate-  He  proves,  by  a  very  clear  experi- 
ment, that  the  contradUon  of  the  vein  Is  made  at  a  greater  diftance  from  the  orifice  under 
flrong  than  under  weak  preflures.  He  explains,  why  in  a  right-lined  orifice,  the  fides  of 
the  contracted  vein  correfpond  with  the  angles  of  the  orifice  and  the  angles  with  the  fides. 
He  examines  the  expenditure  through  a  tube,  the  extremity  of  which  is  thruft  into  the  re- 
fervoir  itfelf,  according  to  the  method  of  Borda  in  the  Memoirs  of  the  Academy  of  Sciences 
for  the 'year  ijbb. 

7  he  Commiflaries  9f  the  Inftitute  appointed  to  examine  this  work  of  Citizen  Venturi,. 
without  undertaking  to  decide  refpeftifng  all  the  applications  of  his  principle,  give  him  full 
credit  for  the  acutenefs  and  fagacity  he  has  difplayed  in  this  curious  experimental  courfe. 
The  quthor  himfelf  is  indeed  fufficiently  candid  to  admit  that  every  thing  of  this  nature, 
which  is  not  confirmed  by  diredl  experiment,  ought  to  form  a  fubjedl  of  difcuffion  and  en- 
quiry. *^  I  have  not,"  fays  he,  page  9,'*'  infifted  upon  theoretical  confiderations,  excepting  fo 
^*  far  as  they  combine  with  the  fa£ls,  and  fa  far  as  it  was  neceflary  to  unite  thofe  fads  In  a 
*<  fingle  point  of  view.  The  reader  may,'if.he  pleafes,  even  omit  the  fmall  portion  of 
*^  theory,  and  confider  my  propofitions  fimply  as  the  refult  of  experiment." 

There  is  no  doubt  but  tliat  the  whole  work  will  tend  to  confirm  the  reputation  of  its  au- 
thor as  a  (kilf  ul  experimentalift,  and  enlightened  obferver. 

Confiderations  on  the  Doflrine  of  Phlogifton  and  the  Decompofition  of  Water.  By  Jofeph 

Prieftley,  LL.  D.  F.  R.  S.  &c.    Philadelphia  printed,  1796. 

Obfervations  on  the  Doftrine  of  Phlogifton  and  the  Compofition  of  Water*  Part  11.    Bj 

Jofeph  Prieftley,  LL.  D.    F.  R.  S.    Philadelphia  printed,  1797. 

* 

Two  Lefturcs  on  Combuftion.  Supplementary  to  a  Courfe  of  Lectures  on  Chemiftry, 
read  at  Naflau  Hall,  containing  an  Examination  of  Dr.  Prieftley's  Confiderations  on  the 
Do£trine  of  Phlogifton  and  the  Decompofition  of  Water.  By  John  Maclean,  Profeffor 
of  Mathematics  and  Natural  Philofophy  in  the  College  of  New  Jerffey.  Philadelphai 
printed,  1797. 

As  I  hope  to  give  a  fuller  account  in  future  of  Dr.  Prieftle/s  obfervations  In  favour  of 
the  old  chemical  fyftem^  I  (ball  for  the  prefent  content  myfelf  with  announcing  the  titles 
of  the  three  laft  works* 
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Xbc  Medical  Repofitory,   Vol.  I.    Nos.  L  and  II.  oftavo.     The   two  numbers  contain 
287  pages,  clofcly  printed.    New-York,  printed  for  T,  and  J.  Swords. 

The  authors  and  editors  of  this  work  are  Doctors  Samuel  L.  Mitchill,  Member  of  the 
Lcgiflative  Aflembly  of  the  State  of  New- York,  F.R.S.  Edin.  Profeflbr  of  Chemittry  in  Co- 
lumbia College,  and  Doclors  Edward  Miller,  and  E.  H.  Smith,  of  New-York.  The  Crfl 
Number  appeared  in  July  1 797,  and  the  fecond  in  the  month  of  Novcn)ber  laft.  It  is  in- 
tended to  be  publilhcd  in  quarterly  numbers  of  at  lend  ico  o^avo  pages  each,  at  tlie  price 
of  half  a  dollar  per  number.  It  confifts  of  medical  cfliiys  or  communications,  a  review  of 
Vktv(  publications,  not  only  fuch  as  are  flriclly  medical,  but  olfo  thofc  which  relate  to  agri- 
culture smd  other  brnncheG  of  natural  lilfloiy,  phllofophy,  &,c.  or  may  be. in  any  mjaiincr 
related  to  the  objects  contemplated  in  the  plan  of  a  medical  repofitory  3  and  laftly,  medi- 
cal faAs,  hints,  enquiries,  and  news. 

It  18  a  well  kndwn  fa£t,  that  the  public  will  not  aflid  in  any  periodical  work  until  they 
havf  received  proof,  for  a  certain  length  of  time,  of  the  accuracy,  fpirit,  and  ability,  witli 
which  the  conduftors  arc  able  from  their  own  fources,  whether  original  or  derivative,  to 
fupportlt.  A  work  of  the  kind  before  us  is  peculiarly  calculated  for  the  diffufion  of  know- 
ledge in  a  country  like  America,  where,  from  various  circumftances,  the  written  fources 
of  intellectual  acquifition  are  much  more  limited  than  in  Europe.  It  is  equally  calcula- 
ted to  accelerate  improvement  in  the  whole  of  that  confiderable  part  of  the  globe,  wherein 
the  language  of  England  is  current.  The  prefent  numbers  fliew  no  want  either  of  ability 
or  induRry  on  the  part  of  the  authors,  and  will,  it  is  to  be  hoped^  meet  the  fuccefs  they 
merit. 


MY  young  correfpondent  from  Liverpool  has  (hewn  confiderable  ability  in  his  medita- 
tions and  conje£lures  on  the  many  important  chemical  H&s  he  mentions.  'When  h6t% 
can  be  fo  difpofed  as  by  mutual  illuftration  to  prove  an  entire  theory,  the  individual  who 
makes  the  arrangement,  may,  perhaps,  do  more  for  the  advancement  of  itience,  than  the 
performer  of  many  folitary  experiments :  but  when  this  cannot  be  done,  tlic  chief  ufe 
of  imperfe£t  conelufions  or  conje£lures  muft  be  to  point  out  new  and  decifive  experiments. 
W.  S.  may  fupport  the  hope  of  making  fuch  experiments,  by  refle£ling  that  the  greateft 
difcoveries  have  been  made  by  men  who  did  not  poflefs  the  means  of  acquiring  much  ap- 
paratus. Apothecaries'  phials,  Florence  flalks,  bafons,  cups,  faucers,  a  blow-pipe  and 
charcoal,  common  tobacco-pipes  and  garden-pots,  as  fubftitutes  for  crucibles  and  a  fur- 
nace, and  the  ordinary  bellows,  together  witli  a  few  chemical  materials,  would  con- 
ftitute  no  mean  apparatus  for  philofophical  experiment.  When  he  (hall  turn  his 
thoughts  towards  the  experimental  refearches,  to  which  his  obfervations  evidently  lead,  I 
am  confident  he  will  be  of  opinion,  that  the  publication  of  his  conjefluresj  in  their 
prefent  fbte,  would  not  be  defirable. 
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ARTICLE    I. 

Obfervatkns   §n  Stronilan.       By  Citizen  PELLEriER.      Read  U    tie   Nationai  InJIitute 

20tb  Jpril,  ijgib. 
£Concluded  from  p.  ft2a.] 

-       '.      Hatitiidej  of  the  Carbonates  of  Barpes  and  Strontian. 

With  muriatic  acid,  1  DISSOLVED  100  grains  of  native  carbonate  of  barytes  in  mu- 
riatic acidi  and  obtained  aa  grains  of  carbonic  acid  gas.*  '  The  folution  being  evaporated 
aflfbrded  cryftals  in  the  form  of  (hort  flattened  prifmsi  or  hexagonal  plates^  the  weight  of 
which  was  138  grains.  I  alfo  diflblved  in  the  fame  acid  100  grains  of  carbonate  of  barytes^ 
obtained  by  the  decompofition  of  barytic  fulphate :  the  difengagement  of  carbonic  acid  gas 
alfo  antounted  to  a  a  grains,  and  the  muriate  cryftallized  like  the  preceding,  fo  that  there 

was  not  any  difference  in  their  appearance  *. 

•  It 

^  The  fuccefs  which  Dr.  Crawford  met  with  in  the  iatcmal  ufc  of  muriate  of  barytci,  in  the  treatment  of 
icrophalous  difeafet,  begins  to  be  known  in  France  ^  and  fcveral  phyGcians  already  prefcribe  this  new  medicine. 
AS|  however*  it  is  very  %€t\vct  and  fometimcs  even  dangerous,  it  cannot  be  too  (Irongly  recommended  that  it  be 
given  tt  firft  only  in  a  very  fmall  dofe,  and  that  the  cflcdts  which  it  may  produce  during  its  adminiftration  be 
accurately  obferved*  The  Society  of  Health  is  at  prcfcnt  engaged  in  a  general  work,  in  which  it  is  intended  to 
determine  what  advantages  medicine  may  derive  from  the  ufc  of  muriate  of  barytes.  They  have  alfo  appointed 
comroiiTariei  to  obferve  its  effe^s  in  the  treatment  of  hQika  i  and  Cit,  Hufard  and  Biron,  who  are  tntru((cd 
with  thefe  latter  eypcriments,  have  already  given  both  the  muriate  und  carbonate  of  barytes  to  horfcs  fcized  with 
ihe  farcy  [farcin].  Both  thefo  medicines  given  to  di0lrent  horfcs  in  the  c^uantity  of  two  drachms  a  day  fcem* 
cd  for  •  while  to  have  elfefted  a  perfeflcure :  they  were  even  confidered  as  cured  at  the  end  6f  a  foitnighti 
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jjO  Ob/ifvations  on  Strontian, 

It  U  ncft  9ie Tatee  Withihe  carbonate  is{  ftmiRm :  iKk  W7a\miBf  Si!tdliy^i'}>y  mur1a(?e 

acidj  but  the  difengagemeht  of.  carbonic  acid  gas  amounted  to  thirty  hundredths^  and  the 
fait  obtained  from  this  combination  was  in  long  needles  or  very  (lender  rhomboidal  cryftab^ 
terminated  by  a  pyramid  with  two  faces  :  the  prifms  are  fometimes  hexahedral.  This  fait 
is  alfo  more  foluble  than  muriate  of  bftiftes.  i  obfaitied  4^6  gmins  of  the  muriate  from 
ICO  grains  of  the  carbonate.  Dr.  Crawford"  was  one  of  the  firft  who  obferved  the  great 
difFcrencc  which  there  was  in  the  form  of  the  cryftals  of  the  muriates  of  barytes  and 
ftrontian,  as  well  as  their  different  degrees  of  folubility  in  water^  and  thence  Tufpe£led  that 
ihefe  two  fubftances  could  not  be*  of  the  fame  nature. 

WHb  fuipbiitic  4und.  Native  carbonate  of  barytes  reiiuced  tD  powder  Is  deconipofird  by 
fulphuric  acid,  with  difengagement  of  carbonic  acid  gas.  The  refult  of  this  combination 
is  fulphate  of  barytes,  infoluble  in  water. 

Carbonate  of  ftrpntian  is  alfo  decompofed  by  fulphuric  acid,  with  difengagement  of  car- 
bonic acid  gas  *,  and  the  compound  Whidi  is  obtained  i3  alfo  but  little  foluble  in  water. 
Dr.  Hope  has  obferved  that  four  ounces  of  diflilled  water  only  diflblved  half  a  grain  of  it, 
and  that  if  muriate  of  barytes  be  added  to  this  folution,  a  precipitation  of  fulphate  of  ba* 
rytes  takes  place :  fulphate  of  ftromian  is  therefore  more  foluUe  dian  that  of  barytes. 

JVith  acetous  acid.    The  acetous  acid  difengagcs  H^t  carbonic  acid  from  carbonate  of 

•  •  • 

barytes. 

The  fame  acid  alfo  decompofes  carbonate  of  firontian.  The  falts  which  refult  from 
thefe  combinations,  viz.  the  acecitesof  barytes  andftiontian,  are  obtained  iaa  cryftalline 
forni)  and  are  not  dellquefcent. 

Red  Flame  of  Alcohol^  holding  irt'fduHan  VitrOtt  ur  Muriate  of  Strontian  or  Lime. 

AMONGST  the  chara£ters  by  which  Meffir8.Hope,'£naproth,  and  others  have  diftinguifhed 
ftrontian  from  barytes,  there  isHme  whicb  tbey  agree  in  ooftfiddring -as  peculiarly  diftin£Uve. 
Chcmiils  have  obferved  that  alcohol,  in  which  either  nitrate  or  dluriate  of  barytes  is  dif- 
Iblved^  burns  with  a  flame  of  a  white  yellow,  whDft  alcohol  holding  in  folution  nitrate  or 
muriate  of  ftrontian  burns  with  a  flame  of  a  ourmine  red.  Dr.  Hope  relates  In  his  memoir 
that  Dr.  Afli  had  folong  fince  as  1787  obferved  the  particular  colour  which  inuriate  of 
ftro.ntian  gives  to  the  flame  of  alcohol.  The  ei^periments  repeated  before  the  pupils  of  the 
polytechnic  fchool  prefented  the  fame  refults  \  but  as  the  nitrate  and  muriate  of  Umealfo 
communicate  to  alcohol  the  property  of  burning  with  a  red  flame,  I  thought  it  right  tD 
;^ertain  whether  the  nitrate  and  muriate  of  flrontian  did  not  contain  liine.  For  thiB  pur* 
pofe  I  tried  the  following  experiments : 

VI  hen  the  one  to  ivhich  the  muriate  of  barytes  had  been  given  died  without  flny  apparent  cireamfttnee  tb  iadi* 
catc  his  death :  the  fecond,  that  which  had  taken  the  artificial  carbonate  of  barytes,  alfo  ditd  fuddeniy  fblfie  di)rs 
afterwards.  The  two  horfes  having  been  opened,  all  the  vifcera  were  found  in  a  found  fblte,  tfnd  exhibited  fim 
indication,  cither  of  the  cff*e£^  of  the  barytic  preparations,  or  of  the  repercul&oa  of  the  difcafe.  Tile  ezpeti* 
incncs  are  continued  on  other  horfes. 

Since  this  article  has  been  compiled,  I  have  been  informed,  that  a  third  horie  which  was  under  a  courfe  of 
carbonate  of  barytes,  alfo  died  fuddeniy.  It  feems,  therefore,  more  and  more  evident^  that  the  cartxmates  of 
tury(€t;  whcilicr  taiivc  or  artificial,  may  prove  mtrtal  when  taken  internally.    P. 


Expifimenis  to  ofcerfaln  nvhether  Strontian  amtoins  Llrne. 

t..TO  a  folation  of  nitrate  of  barytes  I  added  fluoric  acid,  perfeAly  pure  and  free  £rOm 
fulphurie  acid  :  the  mixture  too)c  place  without  precipitation- 

2.  To  a  folution  of  nitrate  of  ftrontian  I  added  the  fame  fluoric  acid :  the  mixture  alfo 
took  place  witbcmt  precipitation.    * 

2,  To  folutions  of  the  nitrates  of  barytes  and  (Irontian  put  into  (eparate  vefleis  I  added 
two  or  three  drops  of  nitrate  of  lime^  and  afterwards  fome  fluoric  acid  :  this  acid  then  very 
ibon  produced  a  white  precipitate,  which  was  fluate  of  lime. 

It*follow8»  from  thefe  comparative  experiments,  that  the  nitrate  of  (Irontian  did  aot  con- 
tain lime  \  for,  if  it  had  contained  ever  fo  little,  the  fluoric  acid  would  have  occafioncd  a  pre- 
cipitation*  This  acid  has  fo  ftrong  an  aflinity  with  lime  that  it  takes  it  from  the  fulphurie 
acid,  when  fulphate  of  lime  is  holden  in  folution  in  water  %  fo  that  when,  a  few  drops  of 
Auoric  acid  are  added  to  a  felenitic  water,  a  precipitation  takes  place  as  readily  as  when  the 
oxalic  acid  is  ufed*  The  fluoric  acid  prefenta  therefore  an  excellent  means  of  dete^iing  the 
prefence  of  lime.  Very  pure  fluate  of  ammioniac  may  alfo  be  ufed  ;  for,  if  this  be  mixed 
with  the  nitrate,  muriate,  or  fulphate  of  lime„  a  decompofition  takes  place  by  double  affinity, 
and  the  precipitate  is  fluate  of  lime. 

Nitrate  of  Strontian  is  not  precipitated^  as  Nitrate  of  Barytes  is,  iy  the  Prujtates  of  Pot-ajh  or 

JLimei 

t 

WE  Rave  feeity  thar  tlie  charader»  of  fl^ntian  in  which  it  appears  mofl:  fniiilar  to 
htvJtcs^  exhibit,  neverdtdefS)  differences  fiifficiently  well  marked,  when  they  are  fubje^ed 
to  a  rigorous  examination.  The  foUdwing  experiment,  which  is  owing  to  the  obfervations 
'^f  Dr.  Hopej  prefents  a  more  ftriktng  diftin£Hon  between  the  two  earths,  k  was  kik)wn 
that  nitrate  of  barytes  is  totally  precipitated  by  the  prufllates  of  pot-afli  and  lime. 
'Dr.  Hope  having  adtfed  prufliate  of  pot-oSi  to  a  (blotion  of  nitrate  of  (Irontian,  perceived 
only  a  flight  precipitation,  occafioned  by  the  iron  wtiich  accompanies  the  carbonate  of  (Iron- 
tian. I  had  a  mind  to  a(bertain  this  myfelf,  and  therefore  prepared  three  folutions,  viz. 
'l.  A  foltilion  of  native  carbonate  of  barytes  in  nitric  acid  :  a.  A  folution  in  the  fame  acid 
of  carbonate  of  barytes,  prepared  by  the  decompofition  of  barytic  fulphate :  3.  A  folution 
of  carbonate  of  (trontiah  iii  tlie  fame  acid^  Thefe  three  (blutions  being  placed  in  feparate 
vcflels,  I  added  a  fufficient  quantity  of  pruffiate  of  pot-a(h,  to  decompofe  them  entirely. 
There  was  in  cfkGt  aa  abundant  precipitate  in  the  nitrates  of  barytes,  and  tlie  fupernatant 
liquors  being  tried  with  carbofiate  of  pot-a(h  gave  no  (ign  of  further  precipitation.  The 
nitrate  of  ftrontian,  on  the  contrary,  gave  only  a  weak  blue  precipitation,  in  confequepce  of 
the  iron  which  it  contained  ;  and  an  excefs  of  prul&ate  of  pot-a{h  preclpitn^d  nothing  rnore : 
but  the  fupernatant  liquor,  tried  with  carbonate  of  pot-a(h,  afforded  4  v^ry  abundant  white 
precipitate,  which  was  carbonate  of  ftrontian. 

Thus  It  appears*  manifeft,  that  pruffiate  of  pot-a(h  does  not  at  all  decompofe  the  nitrate 
of  ftrontian,  whereas  it  totally  decompofes  the  nitrate  of  barytes.  This  method  points  out, 
therefore,  a  diftinftive  charafler  between  the  two  earths.  I  (hall  not  here  examine  the  na.- 
ture  of  the  precipitate  which  is  obtained  from  the  nitrate  of  barytes  when  decompofed  by 
prufliate  of  pot-aib,  nor  whetbcT  the  decompofition  takes  place  in  cosfequencc  of  the  (blrma* 
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531  Ohfirunians  in  Str^ntUn. 

tion  of  a  trifulc,  or  of  a  mixture  of  fwlphuric  acid,  whicli  Ac  pruIfiAtc  of  pot^afli  mtf 
fometimes  contain.  The  comparative  experiments  which  I  have  ftated  having  been  madt 
with  the  fame  pruffiatc  of  pot-a(h,  the  nitrate  of  ftrontian  ought  to  have  been  decompofedit 
as  well  as  that  of  barytesj  if  thefc  earths  had  been  of  the  fame  nature. 

Conjlituent  Parts  of  the  Nat  he  Carbonates  of  Strontian  and  Barytet* 

TO  detail  at  large  the  diflFerent  experiments  which  I  have  made  to  determine  the  cottlU-^ 
tucnt  parts  of  the  native  carbonates  of  ftrontian  and  barytes^  would  be  too  prolix  :  I  (hall 
therefore  only  fay,  that  it  was  by  folution  in  muriatic  acid  that  I  determined  the  quandty 
of  carbonic  acid  gas^  and  by  calcinatbn  that  of  the  earth.  The  mean  refolt  which.  I  ob» 
taincd  was, 

In   loo  grains  of  native  carbonate  of  ba- 
rytes,  or  witherite» 

Barytes,         -  ,  -  -         62 

Carbonic  acid,  -  -22 

Water,  -  -  -16 


100 


In  100  grains  of  carbonate  of  ftrontian^ 

Strontian,        •  •         -*       tf:r 

Carbonic  acid,  -  «  jo 

Water^  •  ^         •  8 

I 

100 


Conclnjton* 

I  HAVE  not  been  able  to  carry  my  refearches  further  refpeftfug  ftrontian,  not  havin|f 
any  more  to  fubmit  to  new  experiments :  as  foon  as  I  can  procure  fome,  I  mall  continue 
them,  as  I  perceive  that  it  will  be  advantageous  to  cftabliih  the  difference  between  it  anil 
barytes  by. more  numerous  and  more  ftrikipg  characters.  The  refults  of  my  ezaminatiotu 
and.  that  of  Meffirs.  Hope  and  Klaproth^  are  :  , 

ift»  That  the  carbonate  of  ftrontian  is  neither  poifonous  nor  emetic,  aa  both  the  aatifC 
and  artificial  carbonates  of  barytes  are  ^ 

adly,  That  the  carbonate  of  ftrontian  is  fpecifically  lighter  than  that  of  barytes  \ 

3dly,  That  it  more  eafily  parts  with  it's  carbonic  acid,  and  contains  alfo  a  larger  ptopor* 
tion  of  It  than  carbonate  of  barytes  does  ; 

4thly,  Ihat  calcined  ftrontian  is  foluble  in  cold  and  hot  water,  but  mote  abundantly  in 
the  latter,  fo  as  to  aSiprd  cryftals  by  coolings — a  property,  indeed,  which  it  poiTefied  in 
comnion  with  barytes  9 

5thly,  That  the  muriate  and  other  falts  of  ftrontian  are  more  foluble  than  the  homo- 
logous barytic  falts  ;  and  the  nitrate  and  muriate  communicate  to  alcohol  the  property  of 
burning  with  a  red  flame,  whereas  the  fame  barytic  (alts  tinge  the  flame  of  their  alcoholic 
folution  with  a  yellowifli  blue ; 

6thly,  That  ftrontian  does  not  contain  lime  ; 

7thly  and  laftly.  That  the  nitrate  of  ftrontian  is  not  decompofed  by  pruflHate  of  pot*a(h^ 
which  decompofes  the  nitrate  of  barytes. 

AU  thefe  characters  already  eftablifli  a  fufilciently  diftinguifliable  difference  between  ftron- 
tian and  barytes,  and  a  ftill  greater  between  it  and  all  other  known  earths,  fo  that  it  may 
be  confidcred  as  a  peculiar  earth* 

CON. 


CONTINUATION. 

IN  the  memoir  wliich  I  read  to  the  Inftitute  the  30th  of  April  l«ft^  on  die  earth  known 
by  the  name  of  ftrontian,  i  remarked^  that  Uiis  earth  wasj  when  calcined,  rerj  foluble  in 
boiling  water,  and  that  a  portion  became  feparated  in  a  cryftalline  form  by  cooling.  I  alfci 
remarked,  that  barytes  acquired  by  calcination  the  property  of  becoming  foluble  in  boiling 
water^  and  alfo  aSbrjding  cryftaU  by  cooling.  It  is  in  this  ftate  of  cryftallization  that  ftron- 
tian and  barytes  muft  b^  found  pure ;  and  if  they  are  of  the  fame  nature,  as  fome  chemift^ 
conceive,  they  ought  to  give  fimilar  lefults  when  fubmitted  to  comparative  experiments. 
It  has  been  thought  that  the  properties  which  this  earth  exhibits  in  its  combinations  with 
the  acids  might  be  attributed  to  the  prefence  of  carbonate  of  lime  in  the  carbonate  of  ftroi>- 
tian  \  but  calcined  ftrontian  diflblved  in  water  cannot  be  fufpeded  to  contain  lime,  and  it 
is  therefore  in' this  ftate  that  I  have  thought  proper  to  procure  fome,  in  order  to  examine  it 
comparatively  with  barytes,  which  I  have  alfo  taken  the  pains  to  prepare  in.like  manner  in 
cryftals,  and  perfeftly  deprived  of  carbonic  acid.  I  fliall  here  relate  to  the  Inftitute  the 
Ciperiments'wluch  I  have  made  on  this  fubjed. 

1,1  firft  put  into  a  fmall  capfule  fixteen  grains  of  pure  cryftallized  barytes,  with  thirty- 
fix  grains  [demi-gros]  of  pure  nitric  acid  of  i2\9..  The  combination  took  place  with  di^ 
engagement  of  caloric,  and  the  cryftals  of  barytes  without  being  diflblved  foon  prefented 
opaque  cryftals,  which  were  nitrate  of  barytes.  I  added  144  grains  [deux  gros]  of  di£- 
tUied  water,  and  the  whole  was  diflblved. 

2.  Sixteen  grdns  of  cryftals  of  ftrontian  were  treated  with  thirty-fix  grains  of  the  fame 
;icid.  The  combination  took  place  with  difengagement  of  caloric,  but  the  cryftals  were 
diflblved,  and  did  not  become  opaque  as  in  the  preceding  experiment.  I  added  144 
'grains  of  water,  in  order  to  have  a  folution  fimilar  in  ftrength  to  the  former. 

3*  A-portion  of  the  folution.  No.  1,  or  that  of  nitrate  of  barytes  prepared  with  pure 
baryted,  being  put  into  a  glafs,  I  added  to  it  a  pretty  confiderabie  quantity  of  prufliate  of 
pot-afti.  A  precipitation  took  place,  and  the  liquor  was  not  afterwards  precipitated  by  tl^ 
addition  of  carbonate  of  potafli.  ' 

The  other  portion  of  the  nitrate  being  evaporated,  afibrded-  cryftals  of  bary tic  nitrate  in 
oflahedronS. 

4.  A  portion  of  the  folution  j  No.  a,  or  of  the  nitrate  of  pure  ftrontian,  tried  in  like  man- 
ner with  pruffiate  of  pot*afli,  aflbrded  a  flight  precipitation ;  but,  although  I  added  an  ez- 
cefs  of  the  prufliate,  the  fupematant  liquor  ftiU  yielded  a  pretty  abundant  precipitate  with 

carbonate  of  pot-afli. 

The  other  portion  of  the  folution  of  nitrate  of  ftrontian  being  evaporated,  afibrded  oda- 
hedral  cryftals,  which  were  more  foluble  than  thofe  of  the  barytic  nitrate. 

5.  Fifty-four  grains  of  barytes,  pure  and  in  cryftals,  being  treated  with  144  grains  [deux 
gros]  of  weak  nitric  acid,  the  folution  took  place  with  heat,  but  without  efferyefcencf.  I 
added  J 44  grains  of  diftilled  water,  and  placed  the  folution  to  evaporate  in  a  fand-bath 
nightly  heated  *,  and  when  a  portion  of  the  water  was  evaporated,  there  were  formed  cryf- 
tals in  hexagonal  plates  fimilar  to  thofe  of  muriate  of  barytes.  Their  weight  was  thirty- 
two  grains. 

Twelve  grains  of  this  muriate,  triturated  in  a  glafs  mortar  with  half  an  ounce  of  aIcoho]> 
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MfraB  ^  7m  MtmHrrtn  m  UnvMtthodvf  okaimftg  BuryUi  furt^  tmd  m  the  Prtptrtks  rf 
this  Earth  cmnpatei  nmtb  tbofe  rf  Strwttian.    By  Ciiixms  FoURCROr  and  FjiV^UMLIUf. 
RHui  i9'ibt  Nttiiomal  Inftiiuiej  yM  April  and  %ift  Stpitmbtr  1796^. 

X  HE  diiHcolty  of  obtaining  barytes  pure,  and  the  almoft  total  impqlCbility  of  feparatlng^ 
thit  earth  from  the  carbonic  acid  by  calcination  of  its  carbonate,  are  already  fu£BcicntIy 
linown.  In  a  courfe  of  Experiments  undertaken  jointly  by  Citizens  Fourcroy  and 
Vauquelini  to  determine  the  charafters  and  diftinQive  properties  of  the  falts  and  cooif- 
pounds  formed  by  barytes,  one  of  the  points  which  they  were  mod  defirous  of  attaining^ 
was  of  courfe  to  obtain  this  earth  in  a  real  ftate  of  purity.  Citizen  Vauquelin  having  at 
length  diicoTered  a  means  of  efle^ing  -tliis  purpofe  by  the  decompofition  of  iritrate  of  ba- 
rytes by  tlic,a£Hon  of  fire,  it  became  more  eafy  to  thofe  cbemifts  to  examine  Aich  pro- 
perties of  this  earth  a$  had  hitherto  been  unknown  to  them.  The  two  memoirs  of  which 
we  are  here  about  to  give  an  abftradt,  (how  the  moft  remarkable  properties  which  charac- 
tsrize  both  »this  earth  and  ftrontian. 

1.  Nitrate  of  barytes  in  o&ahedral  cryftals^  being  ezpofed  to  the  a£lion  of  fire  in  a  por- 
celain retovty  melts,  fwelis,  and  gives  out  much  oxygenous  and  azotic  gas,  with  fcarcely 
nay  oitrotts  Tapour ;  and  the  retort  being  fufiered  to  cool  when  no  more  daftic  fluid  is  diC- 
^^[ag^dy  there  is  found  00  breaking  it  a  grey,  folid,  but  fomewhat  porous,  mafs  of  a  harlb. 
tafie,  and  more  cauftic  than  quick-lime,  whidi  is  pure  barytes. 

2.  Ei^pofed  to  the  blow-pipe  on  a  piece  of  charcoal,  this  earth  f  ules,  bubbles  up,  and  runs 
into  globules  which  quickly  penetrate  into  tlie  chai coal. 

3.  Ia  the  air  ic  efflorefces,  cracks,  burfts,  'fwelis  up,  heats  and  whitens,  and,  becoming  thus 
rapidly  flaked,  it  abforbs  0.22  of  its  weightof  water  and  carbonic  acid. 

4.  It  abforbs  water  with  extreme  avidity,  melts  with  hifling,  heats  confiderably,  iblidifies 
the  water,  and  ciyftallizes  and  hardens  with  it  in  fuch  a  manner  as  to  become  a  Tery  tena- 
cious cement,  capable  of  adhering  very  ftrongly  to.glafs.  A  little  mpre  water  changes  it 
Into  a  very  bulky  white  powder.  If  it  be  entirely  covered  with  water,  it  diflTolves  in  it  with 
ft  violent^hifiing,  and  then  cryftallizes  in  tranfparent  needles,  which  adhere  together,  and 
form  compages  Uke  the  particles  of  beaten  plafter. 

5.  Cold  water  diflblves  a  twenty-fifth  part  of  its  weight ;  boiling  water  more  than  half: 
the  latter  by  cooling  depofits  very  beautiful  tranfparent  prifmsi  which  efflorefce  and  become 
pulverulent  when  expofed  to  the  air. 

6.  A  folution  of  barytes  has  its  furface  more  readily  incrufted  with  a  pellicle  by  expofure 
to  the  air,  and  depofits  a  more  abundant  precipitatcby  carbonic  acid  than  lime-water.      ^ 

7.  The  oxalic,  citric,  i^fphoric,  and  phofphoroos  acids  precipitate  this  foludon,  and 
the  precipitates  are  ro«diflblved  by  the  addition  of  an  ezcefs  of  the  acids  by  which  they  are 
formed. 

8.  This  foludon  decompofes  thofe  of  fbap,  and  of  the  nitrates  of  mercury^  lead,  and 

^  Trsnibted  ftvm  Ajinale^  de  Chinue,  ZXI.  p.  S7i»  by  J.  F r. 
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filvK,  pwcifUatlnp  tli«  firft  bUck,  th^  fc^on4  white,  und  the  Uft  of  ft  fownrcolour^  An 
'^e;£crf«  of  the  barytic  fojution  renders  the  P»i4c>  pf  Iea4  jin4  filver  fcluble. 

9,  B^r^cei  thiis  prepared  \%  fpluble  U  fttcohpl.  It  U  drc9df»ll7  poironouai  tnd  kills  %\v^ 
m^\»*  lt$  mod  remarkable  and  moft  eh^ra^rlftie  properties  arc  its  CJUrcim  cryftallizabi* 
lit^y  which  diftinguidies  it  from  all  the  other  earths  hitherto  knowo  la  cbemii^y  ftod  its 
great  folubility  in  water. 

The  difeovery  by  Mcflrs  Hope  and  Klaproth  of  thcfe  two  latter  properties  in  ftronlUn 
Induced  us  however  to  think  for  a  while,  with  Qtizens  PcUetier  and  Coqucbcrc,  that  barytes 
-was  fo  fimiJar  to  it  n%  th*t  they  could  not  but  be  conUdered  as  very  nearly  allied,  and  per* 
"haps  even  one  and  the  fame  earth  \  but  having  received  fome  fragments  of  ftrontianite,  of 
which  we  bad  not  before  "been  enabled"  to  inveftigatc  the  properties  ourfclves,  we  were 
eager  to  examine  this  new  earth  comparatively  with  barytes  \  and  the  rcfult  of  this  exami- 
nation, as  related  in  the  feeond  memoir,  which  we  are  now  abflrafting,  0)ewed  vs  tbat> 
notivithdanding  fome  very  ftrong  analogies,  thefc  two  earthy  fabftanccs  are  really  different^ 
as  Citiajcn  PcUetier  has  concluded  from  his  own  refearches  relative  to  this  fubjefl.  The 
following  are  the  principal  fafts  ftatcd  in  this  fecond  memoir. 

Native  carbonate  of  ftrontian  has  a  (hade  of  light  green,  which  that  of  barytes  has  not  1 
it  recfulres  a  little  more  muriatic  acid  for  its  folution,  and  contains  more  carbonic  acid.  Mu- 
flatf  of  ftrontian  cryftallizes  by  cooling,  whilft  that  of  barytes  cryftallizcs  by  evaporation : 
th*  former  In  hexagonal  prifms,  the  latter  in  Inclined  plates.  The  folution  of  muriate  of 
ftrontian  thickens  into  a  jelly  by  evaporation,  whilft  that  of  muriate  of  barytes  dries  In  cryf* 
lallinc  plates ;  the  former,  which  is  very  ibluble  in  alcohol,  makes  It  burn  with  a  flame  of  % 
beautiful  purple  i  the  latter,  which  h  almoft  infoluble  in  this  liquid,  gives  it  a  yellow Bamc. 

The  greatcft  and  moft  remarkable  diffinrenee  which  eaifts  between  ftrontian  and  barytet 
is>  that  (Irontian  has  lefs  afSnlty  with  acids  than  barytes,  and  even  than  the  fixed  aikalibs)  fo 
that  a  folution  of  barytes  precipitates  muriate  of  ftrontian  in  white  flocks.  •  •        i 

•  Nitrate  of  ftrontian  dJfcrs  from  that  of  barytes  \  iftly,  in  giving  more  nltrour  vapour 
when  deeompofed  by  Are,  In  confequence  of  Its  retaining  the  nitric  acid  lefs  ftrongly  than 
barytes  |  and)  7dly,  In  being  three  thncs  as  foluble  In  water* 

•  fkrontian  obtained  from  its  nitrate  by  the  aft  ion  of  fire  is  lefs  har(h  than  barytes  1  it  does 
not  fttfe  In  like  manner  by  the  blow*pipe,  but  glitters  with  a  phofphoric  flame  \  it  Is  almoft 
ten  times  lefs  foIublc  in  water  \  and  it  feems  to  be  lefs  powerful  in  its  attraftions  'Htva 
lime,  which  it  does  not  fepsrate  from  acids.  When  precipitated  by  the  oxalic  add,  it  is  not 
re-4iflblved  by  an  excefs  of  this  acid,  as  barytes.  is  f  but  the  fulphate  of  ftrontian  is  on  this 
contrary  rcfoluble  by  an  cxccfs  of  fulphuric  acid,  which  that  of  barytes  is  not. 

The  aqueous  folution  of  ftrontian  is  not  precipitated  by  the  gallic  acid,  whereas  that  oT 
barytes  afibrds  with  this  acid  a  greenith  precijsitatet 

.  The  authors  of  thofc  memoirs  conclude  from  the  Experiments  (the  refults  of  which  arc 
here  ftated)  that  ftrontian  exhibits  more  properties  which  arediflerent  from  thofe  of  barytei 
than  of  fuch  as  are  analogous  to  them )  and  that,  ftriking  as  are  the  latter,  it  muft  never- 
tbelefs,be  concluded,  fron^  the  whole  of  the  phasnomena,  that  thefe  earths  are  really  two 
JiflTcrcnt  fubftances  \  a  condufion  which  is  more  particularly  evident  in  rcfpeft  of  their  dif- 
ferent degrees  of  aflinity,  and  i3f  ftromlan  not  being  a  polfon,  whereas  barytes  is  a  very 
aftive  an<i  violent  one. 

Several 
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Several  of  the  properties  which  they  have  (iefcribed  had  bceti  before  obfcrvcd  by  MeflVs. 
Klaproth,  Hope»  and  Pelletier  ;  but  feveral  alfo  are  of  tlieir  own  difcovery.     We  have  ittMP^ 
here  fpoken  of  fuch  of  the  refulte  afforded  by  the  two  earths  in  theircombinationa^i  as  were 
perfe(^]y  Gmilar  to  each  other)  it  having  been  our  principal  objedl  to  point  out  thofe  fpecific 
characters  by  whi^h  they  are  to  be  dininguiOied. 

It  is  clear  that  we  may  reafonably  entertain  a^hope,  that  more  extcnfive  experiments  (hall 
one  day  point  out  ufes  both  of  barytes  and  ilrontian,  as  well  as  of  their  combinations,  of  great 
importance  in  refpe£l  ctf  the  arta,  when  they  (hall  have  been  found  more  abundantly  in  na-^ 
ture,  and  when  the  progrefs  of  fcience  (hall  have  perfected  the  means  of  obtaining  them  in 
a  ftate  of  purity.  The  extreme  folidity  which  barytes  aiTumes  when  flaked,  may  lead  us  to 
prefume  that  it  may  be  of  ufe  for  making  very  hard  and  durable  cements,  or  perhaps  even 
mordants  for  the  application  of  difierent  matters  on  (lone,  glafs,  pottery  aad  other  fub- 
.{lances  of  a  like  nature. 


III. 
ExtraB  of  a  Litter  fnm  Count  MUSSJN  PusCffXIN,  Vtce*Prifident  of  the  Departnnnt  of 
Minis  at  Peterfburg. "  On  the  Salts^  PredpitatiSf  and  Amalgam  tf  Platina  ;  on  Cobalt  g   on 
jintimoniai  Soap  s  and  on  tbi  Daompofuku  of  ioap  by  tie  Acid  ExtraBs  of  Colouring  Maturs*. 

I.   On  the  Salts  and  Precipitates  of  Platina. 

X  HE  brkk-cdoured  fait,  which  is  obtained  by  pouring  muriate  of  ammoniac  into  a  fo- 
liition  of  platina,  is  (otally  foluUe  in  water^  and  dcpoGis,  when  diflblved  in  boilipg  water, 
a  Uack  matter,  which  VL  Fonrcroy  beUefea  to  be  iron  1  but,  in  my  opinion,  it  feems  rather 
to  be  plumbago,  though  I  hare  not  yet  lAade  the  sequifite  experiments  to  afcertain  this  fa£lr 
A  fpecimen  of  this  fubftance  accompanies  this  letter. 

In  order  that  the  whole  of  the  fait  may  diflblvfj  it  is  neceflary  to  boil  it  for  a  long  time 
with  water  \  and  when  it  is  perceived  that  no  mq^e  of  the  fait  is  taken  up,  the  water  muft  be 
decanted,  and  frelh  water  poured  into  the  Teflel.  An  ounce  of  the  fait  required  upon  the 
wbok  between  eight  and  nine  pounds  of  water  poured  on  and  decanted  at  five  different 
times.  By  this  means  the  whole  of  the  iaXt  was  not  only  diflblved,  but  its  colour  imme^ 
diately  became  a  beautiful  orange  ;  and  by  thefe  cryftallizations,  by  eraporation  on  the 
water-bath  and  new  folutions,  after  which  the  fluid  was  left  to  a  very  floV  evaporation,  the 
orange-colour  of  the  cryftals  became  converted  into  a  moft  brilliant  topaz-colour,  and  by 
new  ebullitions  was  found  no  longer  to  depofit  any  black  matter.  I  have  not  yet  fucceedcd 
in  obtaining  larger  cryftals  than  thofe  which  Werner  calls  very/nmll;  but,  by  the  affiflance 
of  a  good  Englifli  microfcope,  all  thofe  which  the  topaz-coloured  fait  afforded  were  ob- 
fcrved  to  be  perfed^ly  tranfparent,  and  with  fcarcely  any  exception  afie£ted  the  form  either 
of  an  oftahedral  pyramid,  or  that  of  a  polyhedron  compofed  of  fix  perfeft  hexagons  united 
together  by  eight  ifpfceles  triangles.  Ttore-werc  fome  lefs  regular  cryftals,  which  pirtook 
of  the  nature  of  both  thefe  figures. 
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The   alkalis  precipitated  (though  with  difficulty)  from  the  aqueous  folutions  a  ffnalT 
l^bantity  of  yellow  powder,- refembling  Naples-»yellow.     Ifuppofe,  however,  that  this  pr^ 
cipitate  was  compofed  of  crydals,  though  none  could  be  difcemed  with  the  magnifier : 
and  it  did  not  appear  to  be  foluble  in  water;  for  the  nitrous  acid,  by  remaining  upon  it 
for  forty-eight  hours,  did  not  appear  to  have  aflfe£led  it  in  the  leaft.     The  light  yellow  pre- 
cipitate which  is  obtained  by  vegetable  alkali,  after  faUammoniac  has  thrown  down  the 
whole  of  the  brick- coloured  precipitate,  was  feparated  by  the  filter,  and  fubmitted  without 
*  cdulcoration  to  the  a£lion  of  nitrous  acid  in  the  proportion  of  nearly  half  an  ounce  of  the 
acid  to  one  dram  of  the  precipitate,  in  conical  veflels,  fuch,  for  example,  as  a  wine-glafsy 
in  which  the  precipitate  occupied  the  fmalleft  poffible  fpace,  and  the  acid  covered  it  a  finger's 
depth,  and  prefented  a  conCderable  furface  to  the  air.    In  three  or  four  days  the  acid  takes 
up  more  or  lefs,  according  to  the  temperature,  and  afliunes  the  confidence  of  a  jelly,  at  firlt 
yellow,  but  afterwards  of  a  chryfolite  green  more  or  lefs  confident,  but  always  in  a  certain 
degree  moid.     Before  the  bldw-pipe  this  jelly  becomes  converted  into  a  black  fubdanpc, 
probably  the  imperfe£l  oxide  of  platina.  This  experiment  appeared  furprifing  to  me  at  firft  ; 
but  I  recolle£led  that  Margraff,  by  detonating  faltpetre  upon  platina,  and  then  wa(hing  and 
filtering,  had  likewife  obtained  a  jelly  which  may  have  been  of  the  (ame  nature  as  mine.     I 
nnid  obferve  that  I  fatisfied  myfelf  in  the  mod  convincing  manner,  that  the  acid  and  alkali 
I  made  ufe  of  were  abfolutely  pure,  and  that  the  platiila  alone,  that  is  to  fay  in  the  metallic 
date,  did  not  convert  the  nitrous  acid  into  a  jelly. 

Urine,  whether  frefti  or  putrid,  precipitates  platina  in  the  form  of  a  fuper-compound 
fait,  at  the  fame  time  that  a  grey  yellow  predpitate  is  formed,  which  is  neither  falinc  Bor 
foluble  in  water.  *  Fart  of  this  precipitate  is  formed  a  few  moments  after  the  urine  is  poured 
into  the  folution  of  platina :  the  fait  is  formed  afterwards.  In  order  to  obtain  this  faltj  it  is 
neceiTary  that  the  folution  of  platina  fliould  be  very  concentrated^  and  carry  with  it  an 
abundant  portion  of  the  fird  precipitate.  I  have  not  yet  attempted  to  diflbhre  this  fait  in 
boiling  wat^,  but  I  think  it  would  exhibit  a  very  beautiful  topaz-yellow ;  for  fome  of  the 
crydals,  when  obfcrved  in  the  microfcope,  were  fcmi-tranfparent,  and  had  not  the  red  co- 
lour of  the  fait  precipitated  by  the  muriate  of  ammoniac.  "With  refpeA  to  the  grey-yellow 
precipitate,  I  fuppofe  it  to  be  phofphate^of  iron  contaminated  with  fome  foreign  fubdance^ 
and  perhaps  mixed  with  a  fmall  quantity  of  the  precipitate  of  platina. 

When  urine  is  poured  into  a  folution  of  the  red  fait  in  water,  a  beautiful  lemon-yellow 
precipitate  is  formed,  and  the  grey  matter  afterwards  falls  down  flowly.  This  may  per* 
haps  afford  a  new  method  of  feparating  iron  from  platina,  if  this  grey  precipitate  fliould  ia 
fa£t  prove  tobe  the  phofphate-of  iron. 

II.  On  the  Amalgam  of  Platina. 

HEFLECTING  on  the  facility  with. which  the  fuper-compound  falts  of  platina  are  re- 
duced in  the  fir«,  I  thought  that  an  amalgam  of  platina  might  perhaps  be  obtained  by  tritu- 
rating  thefe  falts  with  mercury.  To  afcertain  this,  I  took  a  dram  of  the  orange ^icoloured 
fait  of  platina,  and  triturated  it  with  an  equal  weight  of  mercury  in  a  mortar  of  chalcedony. 
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Iti  a  few  minutes  the  (alt  loft  its  colour,  becoming  at  fitft  browni  and  afterwards  greemfli«. 
l>rown  ;  the  matter  was  reduced  to  a  very  fine  powder.  Another  dram  of  lAercury  was 
then,  added  and  the  trituration  continued,  when  the  powder  became  grey  ;  a  third  dram  of 
mercury  began  to  form  an  aroalgami  and  when  the  quantity  amounted  to  fix  drams  the: 
amalgam  was  perfe£l..v  The. whole  operatioti  iicarcely  employed  twenty  minutes.  I  added 
mercury  to  the  quantity  of  nine  times  the  weight  of  the  fait,  notwithftanding  which  the 
amalgam  was  very  tenacious ;  a  fa£i  which  is  indeed  furprifing,  when  it  is  confidered  that 
the  fait  co&tains  no  more  than  about  40  parts  of  platina  in  the  hundred.  In  my  Experi* 
ment  therefore  24  grains  of  platina.  were  fufficient  to  give  confiftence  to  540  grains  of  mer« 
cury.  This  amalgam  was  eafily  fpread  out  under  the  peftle  ;  it  perfe£lly  well  received 
the  impreflions  of  t|ie  moft  delicate  feals ;  its  grain  was  very  clofe  and  brilliant,  and  in  no 
refpe£l  inferior  to  that  of  the  bed  amalgam  of  tin. 

Thpugh  the  fight  of  a  perfe£t  amalgam  of  platina  made  in  a  few  minutes,  the  produc- 
tion of  which  had  coft  Lewis  feyeral  weeks,  and  Sickingen  feveral  days,  gave  me  pleafure, 
I  bad  not  lefs  fatisfa£lion  in  obferving  the  fingular  phenomenon  I  (hall  proceed  to  defcribe  :^ 

Being  defirous  of  clearing  my  amalgam  of  its  faline  parts  by  wafliing,  I  triturated  it  in 
water  in  a  glafs  mortar,  and^had  fcarcely  given 'a  few  ftrokes  of  the  peftle  before  I  obferved 
the  furfiicc  of  the  amalgam  to  be  covered  with  a  black  powder,  mixed  with  fome  yellow 
particles.  In  lefs  than  ten  minutes  the  whole  of  the  amalgam  difappeared,  inftcad  of 
which  I  had  this  black  powder.  The  yellow  matter,  which  confifted  of  undecompofed  fah 
of  platina,  having  likewife  difappeared  by  trituration ;  the  black  powder  was  feen,  upon  d&- 
canting  the  water,  in  extremely  brilliant  mafles  {parcellis\  which  probably  were  platina. 
The  mercury  had  therefore  pafled  with  the  greateft  facility  to  the  (late  of  black  oxide, 
nearly  approaching  the  metallic  (late.  .  A  portion  of  i^unning  mercury  was  found  beneath^ 
in  the  quantity  of  about  two  drams.  Having  taken  a  portion  of  the  amalgam  in  the  palm 
of  my  hand,  and  rub1>ed  it  with  my  finger,  the  fame  decompofitipn  took  place  in  a  few  in- 
PsxatBy.  and.l^ft  s&  black  powder  interfpesfed  with  brilliant  particles.  On  the  fuppofition  that 
diis  oxide  would  eafily  pafs  to  the  ftate  of  cinnabar  in  the  humid  way,  I  poured  the  fulphate 
of  amixioniac  (Beguin's  volatile  liverof  fulphur)  upon  it,  and  in  le(s  than  24  hours  the  powder 
bcc^n^.  of -a  dull  red,  intermixed  with  metallic  iparticles^  which  were  evidently  platina.  I 
lifCcrtJiitied  afterward^  by  fome  experiments,  that  various  metallic  fnbftancesj  and  all  the 
anifp^.JXifitters  which  I  tried,  decompofe  this  amalgam  by'fimple  contad.  For  thefe 
reafons  it  is  abfolutely  nece(rary  tp  ufe  a  glafs  or  filiceous  peftle  and  mortar  in  the  compo- 
sition of  the  amalgam. 

-  In  what  manner  are  we  t6  explain  the  fpeedy  redu£Hon  of  the  platina  without  oxidation 
of  the  mercury  during  the  formation  of  the  amalgam,  as  well  as  the  much  more  fpeedy  oxi- 
dation of  the  mercury  when  brought  into  contafl  with  water,  or  metallic  or  animal  mat- 
ters? This  appears  to  me  to  be  a  verydi(ficult  queftion,  of  which  I  expe£i  the  folutiou 
from  more  enlightened  chemifts.  For  the  fmall  quantity  of  oxygene  in  the  fait  of  platina 
is  fureiy  infufficient  to  deprive  fo  large  a  portion  of  mercury  of  its  metallic  ftate  ;  beGdesr 
which,  in  the  dry -trituration,  fuch  as  that  which  is  made  in  the  hcHow  of  the  hand,  the 
ticid  19  not -diflblved*    Is  it  likely  that  there  may  be  a  dtcompofition  of  atmofpheric  air,  and 
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a  difengagehient  of  caloric  from  the  vital  air  *  ?  This  muft  be  determined  by  new  experi«* 
mentSi  which  I  have  good  reafon  to  expe£t  from  the  illuftrious  philofopher  to  whom  I  have 
the  honour  to  addrefs  myfelf.  I  fublimed  the  oxided  powder  of  mercury  in  a  fmall  glafs  re- 
tort. It  afforded  metallic  mercury,  and  the  muriate  of  mercury.  The  fubitance  which 
remained  at  the  bottom  of  the  retort  was  friable,  light,  and  of  a  colour  inclining  to  a  deep 
grey  yellow.  The  fmall  quantity  of  the  powder  of  amalgam  which  I  fnbjeAed  to  expieriment 
was  not  fufiicient  to  admit  of  an  examination  of  this  refidue.  I  (hall  not  fail  to  repeat  the 
experiment  more  at  large,  and  acquaint  you  with  the  refults.  In  the  mean  time*  I  requeft 
that  the  contents  of  this  letter  may  ferve  as  a  fupplement  to  the  hiftory  of  platina,  and  hcg 
that,  you  will  give  it  a  place  in  your  Annals  under  that  title. 

III.     Concerning  CohalU 

Wri  II  rep^ard  to  the  experiments  I  have  made  on  cobalt,  I  muft  fufpend  my  inform»- 
Tton  until  I  fliall  hare  been  able  to  procure  the  regulus  of  C3ba1t  in  a  quantity  fotnewhat 
confidcrable,  for  the  purpofe  of  repeating  my  experiments  in  the  large  way.  Thofc  which 
I  have  already  made  have  afforded  feveral  interefting  phenomena^  particularly  with  regard 
to  the  efFe£ls  of  cold  as  a  chemical  agent.  At  prefect,  I  (halt  only  remark,  that  the  oxides 
of  cobalt,  which  have  hitherto  been  fuppofed,  after  the  methods  of  the  beft  chemifts,  to  be 
abfolutely  pure,  are  neverthe'lefs  contaminated  with  much  foreign  matters. 

IV.     On  the  Antim&ntal  Soap. 
PROFESSOR  RUDOLPH  has  made  an  antimonial  foap,  after  my  method  of  preparing 
the  mercurial  (bap.     He  finds  it  very  a£live. 

V.     On  the  Decompdfition  of  Soaps  by  the  Acid  ExtraSs  of  Cohwrwg  Matteru 

1  HAVE  obferved,  in  decompofingfoaps,  that  th«  acid  extraAsof  adooring'matter)  fvck 
for  example,  as  that  of  Brazil  wood  by  the  diluted  acetous  acid,  perfeAly  decompofe  feipfy 
whether  made  with  oil  or  wax.  The  eleo-colorant  or  cero-colorant  compounds  dras  oIn 
tained  are  abfolutely  infoluUe  in  water,  and  afibrd  extremely  brilliant  colours,  which  nay 
perhaps  be  advantageoofly  ufed  in  painting,  panicularly  encauftic  f «    It  would  be  likewifii 

imertftifig 

^  The  autlior  thinks,  and  with  reafoDy  that  the  oxygene  tinited  to  the  platina  rs  far  from  being  fsflidcBt  la 
oxide  fo  large  a  ^antity  of  mercury ;  but  he  hit  dot  perhaps  fiifficicntly  attended  to  the  faciKqr  with  which  the 
It  aft  oxLdable  metals  (Mifs  to  theftateof  oxide,  when  they  are  rendered  fluid*  and  their  parts  diftagi^cd  hy  thsir 
affinity  with  mercury.  This  has  long  been  obferved  with  regard  to  the  amalgam  of  gold,  which  (boo  becomea 
covced  with  a  purple  oxide  by  mere  expofure  to  the  air.  Citizen  Guyton,  in  a  memoir  on  certain  properties  of 
platina,  read  to  the  Natiooal  Inftitote  the  firft  Meilidor,  ia  the  year  4,  has  exhibited  a  new  pfoof  of  Uiis  prin- 
ciple m  the  oxidation  of  nn  amalgam  of  platina,  obtained  by  the  dire£^  combination  of  the  two  metals,  by  metm 
of  an  elevated  temperature,,  and  by  the  Ample  tStBi  of  the  affinity  whkh  was  announced  fay  the  iiBk  which 
platina  occupies  in  the  fcalc  of  adheAons  to  mercury.    V$u  tf  tbe  Editori  of  tbe  AnnaUi* 

f  Cttizcn  Chailfllcr  has  already  communicated,  in  his  leilbns  to  ihe  Polytechnic  School,  feforal  txpcriaicai^ 
of  thb  kindi  whic'1  have  perfect ^y  fuccceded.    The  foap  of  copper  sffordcd  a  very  brilliant  green,  which  it  \% 
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niterefting  to  afcertain  predfely  whether  the  colouring  matter  has  not  more  analogy  with 
earths  than  has  hitherto  been  thought,  and  whether  it  would  not  be  advantageouSj  particu* 
larly  in  red  dieSi  to  employ  the  foaps  of  tin  and  of  cochineal. 


IV. 

Obfirvatiom  on  the  Fundamental  Propertj  of  the  Lever  i  with  a  Proof  of  the  Principle  ajfumei 
by  Archimedes  in  hU  DemonJI ration.     By  the  Rev.  S.  ViJUQR  *,  A.M.  FJtS. 

1  HE  want  of  a  dcmonftration  of  the  property  of  the  lever  upon  ckar  and  felf-evidenfe 
principles  has  juftly  been  coniidered  as  a  great  defideratum(defe£k)  in  the  fcicnceof  mechanics^ 
as  the  mod  important  parts  of  that  branch  of  natural  philofophy  are  founded  upon  it. 
Archimedes  was>  I  believe,  the  fird  who  attempted  it.  He  fuppofes^  that  if  two  equal  bo* 
dies  be  placed  upon  a  lever,  their  effeCt  to  turn  it  about  any  point  is  the  fame  as  if  they 
were  placed  in  the  middle  point  between  them.  This  propofltion  is  by  no  means  felf-evi« 
dent,  and  therefore  the  inveftigation  which  is  founded  upon  it  has  been  rtjcGtcd  as  imper^ 
fe£l.  Huygens  obferves,  that  fome  mathematicians,  not  fatisfied  with  the  principle  here 
tak-jn  for  granted,  have,  by  altering  the  form  of  the  dcmonftration,  endeavoured  to  render 
its  defeats  lefs  fenfible,  but  without  fuccefs.  He  then  attempts  a  demonftiation  of  his 
own,  in  which  be  takes  for  granted,  that  if  the  fame  weight  be  removed  to  a  greater 
diftancetfrom  the  fulcrum,  the  eSctk  to  turn  about  the  lever  will  be  greater :  this  is  a  prion 
ciple  by  no  means  to  be  admitted,  when  we  are  fuppofed  to  be  totally  ignorant  of  the 
cffe^s  of  weights  upon  a  lever  at  different  diftances  from  the  fulcrum.  Moreoveir,  if  it 
were  felf-evident,  his  dcmonftration  only  holds  when  the  lengths  of  the  arms  are  comments 
furable.  Sir  I.  Newton  has  given  a  dembnftration,  in  which  it  is  fuppolcd,  that  if  a  given 
weight  2(k  in  any  dire^ion,  and  any  radii  be  drawn  from  the  fulcrum  to  the  line  of  di- 
re£^ion,  the  cScCt  to  turn  the  lever  will  be  the  fame,  on  whichever  of  the  radii  it  adts. 
But  fome  of  the  moft  eminent  mathematicians  fince  his  time  have  obje£led  to  this  prin- 
ciple, as  being  far  from  felf-evident  $  and,  in  confequence  thereof,  have  attempted^  to  de« 
monftrate  the  propofition  upon  more  clear  and  fatisfadlory  principles.  The  demonftration 
by  M^Laurin,  as  far  as  it  goes,  is  certainly  very  fatisfadory  j  but  as  he  coUe£ls  the  truth  of 
the  propofition  only  from  indu£lion,  and  has  not  extended  it  to  the  cafe  where  tht  arm» 
are  incommenfurable,  his  dcmonftration  is  imperfe£l.  I'he  dcmonftration  given  by  Dr« 
Hamilton,  in  his  Eflays,  depends  upon  this  propofition,  that  when  a  body  is  at  reft,  and 
a£ted  upon  by  &rec  forces,  they  will  be  as  the  three  fides  of  a  triangle  parallel  to  the  dt- 
regions  of  tlie  forces.  Now  this  is  true  when  the  three  forcea  ack  at  any  point  of  a  body  1 
whereas,  confidering  the  lever  as  the  body,  the  three  forces  si€t  at  different  points,  and 

prefumed  was  known  to  the  aocient  maften*    Oa  this  fubjcf^,  confult  the  3d  caUicr  of  the  Journal  of  th* 
Polytechnic  School^  p  426  and  427.  ~  . 

*  Phil.  Tranf.  m.dcc.xciv.  33. 

2  therefore 


5  4  i  •        Tkimttflraiions  of  the  FuvUanuntal  Pr^ptirty  of  the  Levfr. 

iherefore  the  principle,  as  applied  by  the  autliof,  is  certainly  not  applicable.  If  in  this  de<- 
monftration  we  fuppofe  a  plane  body,  in  which  'the  three  forces  a£k,  initead  of  £mply  a 
lever,  then  the  three  forces  being  adlually  dire£lcd.to  the  fame  point  of  the  body,  tl&ebody 
would  be  at  reft.  But  in  reafoning  from  this  to  the  cafe  of  the  lever,  the  fame  difficulties 
wjDuld  arifc  as  in  the  proof  of  Sir  I.  Newton.  BuL  adinittin|r  that  ail  other  dbjefliont. 
could  be  removed,  the  demonftration  fails  when  any  two  of  the  forces  arc  paralleL 
Another  demonftration  is  founded  upon  this  ^tinciple,  that  if  two  non-elaftic  bodies  meet 
with  equal  quantities  of  motion,  they  wnll,.  after  impa£b,  continue  at  reft  \  and  hence  it  it 
concluded,  that  if  a  lever  which  is  in  equilibrio  be  put  in  motion,  the  motion's  of  the  tsri 
^bodies  muft  be  equal  \  and  therefore  the  prefRires  of  thefe  bodies  upon  the  lever  at  reft  to 
put  it  iix  motion,  muft  be  as  their  motions.  Now  in  fhp  firft  place,  this  is. comparing  tl^ 
cffeAs  of  prefliire  and  motibni  tlie  relation  of  the  meafures  of  which,  or  whether  they  ad- 
mit of  any  relation,  we  are  totally  unacquainted  with.  Moreover,  they  aft  under  very 
different  drcumftances ;  for  in  the  former  cafe  the  bodies'afted  immediately  on  each  other^' 
and  in  the  latter  they  zSt  by  means  of  a  lever,  the  properties  of  which  we  are  fuppofed  to 
1>e  ignorant  of.  -  When  forces  aft  on  a  body  cbnfidered  as  a  point,  or  direftly  agaiqft  the 
fame  point  of  any  body,  we  only  eftimate  the  effeft  of  thefe  forces  to  move  the-body  out 
61  its  place,  and  no  rotatory  motion  is  either  generated,'  or  ahy  caiifes  to  produce  It  confi- 
Aered  in  the  inveftigation.  When  we  thcrdfore  apply;the  .fame  propofition  to  inveftiga^c 
the  efieft  of  forces  to  generate  a  rotatory  motion,*  we  mahlfdftly  apply  it  to  a  cafe  yrhich 
is  not  contained  in  it,  nor  to  which  there  is  a  tingle  principle  in  the  propofition  appl^d&ble. 
The  demonftration  given  by  Mr.  Landen,  in  his  Memoirs,  is  founded  upon  felf-evident 
priAciples  \  nor  do  1  fee  any  obje'ftions  to  hi$  reafoning  upon  them.  But  as  his  inveftiga- 
tion confifts  of  feveral  cdes,  and  is  befides  very  long  and  tedibUs,  fonietlirng  mcf^e  fimpic 
h  ftill  much  to  be  wiftied  for,  proper  tabe  introduced  in  an  elementary  treatlfc  of  me- 
ehanlcs,  fo  as  not  to  perplex  the  young  ftudent,  either  by  the  length  of  the  deihonftnoion 
or  want  of  evidence  in  its  principles.  What  I  here  propofe  to  offer  will,  I  hope,  render 
die  whole  bufinefs  not  only  very  fimplc^  but  alfo  perfeftly  fatisfaftory,  ,      ,. 

The  demonftration  given  by  Archimedes  would  be  very  fatisfaftory  and. elegant,  pro- 
Tided  the  principle  on  which  it  is  founded  could  be  clearly  proved,  viz.  ^at  two  equal 
powers' at  the  extremities^  or  their  fum  at  the  middle^  rf  a  leinr^  ivouli  have  equallfffeSs  to  move 
shut  any  print.  Now,  that  the  effcfts  will  be  the  fame,  fo  far  as  refpefts  any  progreflive 
notion  being  communicated  to  the  lever  when  at  liberty  to  move  freely,  ii  fufficiently 
<4ear  j  but  there  is  no  evidence  whatever  that  the  effefts  will  be  the  fame  to  give  the  lever 
a  rotatory  motion  about  any  point,  beeaufe  a  very  different  motion  h  there  produced,  and 
we  are' fuppofed  to  know  nothing  about  the  efficacy  of  a  force  at  different  diftances  from 
thefolcnim  to  produce  fuch  a  motion.  Befides,  the' two  motions  are  nof  only  difierent, 
hut  ihtfame  forces  are  known  to  produce  difftrent  effefts  in  the  two  cafes  j  fo  that  in  the' 
farmer  cafe  the  two  equal  powers,  as  th/e  extremities  of  the  arms,  produce  equal  eflefts  in 
generating  a  progrejftve  motion  j  but  in  the  latter  cafe,  they  do  mt  produce  equal  effiefts  in 
^nerating  a  rotatory  motioa.  We  cannot,  therefore,  reafon  from  one  to  the  other.  The 
principle,  however,  may  be  thus  proved  : 

Let 
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'  Let  A  C,  PI.  XXn.  Fig.  1.  be  two  equal  bodice  on  a  ftraight  lever,  A  P"*  moveable  about  Pr 
Bifeft  A  C  in  B  :  produce  P  A  to  Qjind  take  B  Q^B  P,  and  fuppofe  the  end  Q^to  be  fuf- 
'tained  by  a  prop.  Then  as  A  and  C  arc  fimilarly  fituated  in  refpedl  to  each  end  of  the  Icver^ 
that  is,  AP  =  C  Q^  and  A  Q=s  C  P,  the  prop  and  fulcrum  mull  bear  equal  parts  df  the 
whole  weight  i  and  therefore  the  prop  atQ^will  be  preffed  with  a  weight  equal  to  A.  Now 
take  away  the  weights  A  andC,  and  put  a  weight  at  B  equal  to  their  fum ;  and  then  the 
weight  at  B  being  eqvally  diftantfrom  Qjipd-P,  the  prop  and  fulcrum  mud  fuflain  equal 
parts  of  the  whole  weight,  and  therefore  the  prop  will  now  alfo  fuflain  a  weight  equal  to  A. 
Hence,  if  the  prop  QJie  taken  away,  the  moving  force  to  turn  the  lever  about  P  in  both 
cafes  mud  evidently  be  the  fame ;  therefore  the  effe£h  bJF  A  and  C  upon  the  lever  to  turn  . 
it  about  any  point,  are  the  fame  as  when  they  are  both  placed  in  the  ipiddle  point  between 
them.  And  the  fame  is  manifeftly  true  if  A  and  C  be  placed  without  the  fulcrum  and 
prop.  If  therefore  A  C  be  a  cylindricallcver  of  umform  dfcnfity,  its- cflFcft  to  turn  itfelf 
about  any  point  will  be  the  fame  as  if  the  whole  were  coUeftcd  into  the  middle  point  B  ;, 
which  follows  from  what  has  been  already^  proved,  by  concaving  the  whole  cylinder  to  be 
divided  into  an  infinite  number  of  laihinse  perpendicular' to  its  axis  of  equal  thickneflcs. 

The  principle  therefore  afiumed  by  Archimedes  is  thus  eftabliflied  upon  the  mod  felf- 
evident  principles,  that  is,  that  equal  bodies  at  equal  diftances  muft  produce  equal  efFeSs  ;. 
which  ismanifeft  from  this  conCderation,  that  when  all  the  circumftances  in  the  caufe  arc 
equal,  the  efiedls  mud  be  equal.  Thus  the  whole  demondration  of  Archimedes  is  rendered 
perfe£lly  conAplete» -and  atfhe  isme  time  it  W^teitf  fliort  and  fimplet  Theother  part  of  the 
demondration  we  (hall  here  infert  for  the  ufe  of  thofe  who  may  not  be  acquainted  with  it. 

Let  XY,  Fig.  a.   be  a  cylinder,    whicK  bife£l'    in   A,   on  which  point    it   would 

,  manifeftly  rerf.    Take 'any  point  Z,' and  bifeft  ZXinB,  andZ  Y'inC;  then,  from 

what  has  been  provedi  the  tfie^s  •f-  the  two  parte  ZX,  Z  Y,  to  turn  the  lever  about 

•  A,  ire  the  fame  as  if  the  weight  of  each' part  wer^  coUeded  into  B  and*  Crefpedivelyj 

'which  weights  are  manifedly  asZ  X,  Z  Y,  and  which  therefore  conceive  to  be  placed  at 

B  and  C.      Now  A  B=A  X—X  B==iX  Y— {:  X  Z=  i  Y  Z-,  andAC=AY— YC 

=iX  Y— i  Z  Y=VXZ}  confequently  A B  :  AC  :  :  i  Y  Z  :  4XZ  :  :  Y  Z  :  X  Z  : :  the 

'  weight  at  C :  the  weight  at  B. 

The  property  of  the  draight  lever  being  thus  edabli(hed,  every  thing  relative  to  the  bent- 
lever  unmcdiiatcly  follows^  •■  J,  '  -   .     •    . 

TsaTsysaatBssj\\\\\i\m^tTsga=sasL    i»   ■■'   ■  Dii  1   i\'u  rstssssss^ssssssssssssm 
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Ohferi)att6ns  on  the  Add;  of  Tin,  and  the  Anafyfs  of  its  Ores:  '  Read  at  the  Sitting  of  the  C/afs 
ofJUathematica!  and  Philifophical  Sdentes  of  the  National  Inflitate  of  Frapce,  the  firft  of 
Meffdor,  in  the reah'^i    By CttrienGcnrroN^  '•  -      r    \ 

T  has  long  been  obferved.  that  the  nitric  acid  calcines  tin  indead  of  diflblving  it,  and 
die  phlcgidic  hypothefis  was  incapable  of  complaining  this  phenomenon.    It  remained  among 

•  *In&tedI»dic-XXIVtivolume^o^  •  —  •> 

»  ^  V  the 


J44  ^i  ^f  ^^9  ^^^  Analffis  of  its  Ores* 

^he  bumber  of  faAs  for  which  the  moft  fruitful  imagination  could  not  afford  a  probable  fo- 
Itttion.  This  difficulty  hat  Taniflicd  fince  it  has  been  difcovered  that  the  metals  are  capa- 
ble of  being  converted  into  acids  by  a  fufficient  quantity  of  oxygene.  Tin  is  one  of  tlie 
metals  which  mud  have  mod  Qfie£lually  contributed  to  fix  the  attention  of  chemifts  upon 
thi»combination.  In  this  manner  it  is  feen  that  the  precipitation  of  gold  by  tin  in  the  form 
'Of  a  purple  Oxide  is  fimplyj  as  I  have  announced  in  the  Elements  of  Chemiftry  of  the  Aca- 
demy of  Qijon,  the  refult  of  the  a£lion  of  the  ftannic  acid  upon  gold.  This  oxigenatiou 
of  tin  is  much  more  evidently  feen  in  the  operation  which  I  have  defcribcd  inr  the  firfl  vo- 
lume of  the  Chemical  Didionary  of  the  Encyclopedia^  p.  63a  ;  an  operation  which  fcems 
well  calculated  to  exhibit  at  the  fame  inftant  every  fundamental  principle  of  the  pneumatic 
chemiftry.  For  when  the  diluted  nitric  acid  and  tin  are  treated  Gmply  in  tlie  retort,  the 
refult  is  oxide  of  tin  and  nitrate  of  anunoniaci  the  latter  of  which  is  formed  by  the  azote  or 
bafis  of  the  acid,  and  the  hydrogene  of  the  water^  without  the  appearance  of  nitrous  gas  at 
any  period  of  the  operation* 

No  further  difficulty  remained  therefore  with  refpeft  to  the  oxidation  of  tin  by  the  nitric 

acid,  as  it  is  evidently  eSe^icd  by  the  decompofiti<Hi  of  the  acid  and  the  affinity  of  the  tin 

for  oxygene.    But  no  account  haa  yet  been  given  of  the  ftate  in  which  this  metal  exifts  in 

its  ores,  particularly  in  the  cryftals  of  tin  (zinn-graupen,  zinnftein,  of  the  Germans},  nor 

"of  the  caufes  which  oppofe  their  folution  in  acids. 

This  queftion  prefented  itfdJF  to  my  confidetation  on  reading  the  publication  of  Mr. 
Klaproth  on  the  Dre3  of  tin  in  the  fecond  volume  of  AnalyCes  witli  which  he  h^  eniicked 
t:bemiftry  and  mineralogy. 

He  begins  by  eomparing  the  produdb  of  the  fame  ore  treated  wttK  s^lkaline  reducing 
fluxes^  and  with  charcoal  alone.  The  difference  convinced  him,  that  in  the  firft  procefs  the 
alkali  retains  a  eonfiderable  porticm  of  the  metal  in  the  ftate  of  oxide.  He  afterwards  en- 
deavoured to  complete  the  analyfis  in  the  humid  way*  For  tliis  purpofe  he  followed  Berg- 
man's procets,  which  confifts  in  digefting  the  powdered  ore  in  concentrated  fuljAuric  acid ; 
adding  muriatic  add  after  the  cooling,  and  prccipitatii^  the  folution  by  foda.  By  this  treat- 
4ment  131  parts  of  precipitate  ought  to  be  afforded  f<^  every  100  parts  of  metal  contained 
in  the  ore.  Mr.  Klaproth,  in  fa£t,  obtained  a  folution  of  about  0,19  of  that  rather  fcarce 
tin  ore  which  the  Engliih  call  wood-tin  1  but  he  could  not  fucceed  in  charging  the  muri- 
atic acid  with  any  perceptible  quantity  of  tin,  by  fubje£iing  the  other  nxMre.  conunon  va- 
rieties to  the  fame  treatment. 

Refle£ling  on  the  nature  of  the  obftacle  which  might  probaUy  t>ppofe  the  adictt  of  the 
muriatic  acid  on  a  fubftance  which  he  eftimated  to  contain  0,99  of  oxide  of  tin,  he  ima- 
gined that  it  could  be  nothing  but  an  excefs  of  oxygene. 

I^^o  remove  this  excefs,  he  firft  attempted  to  treat  the  ore  in  the  i^ort  with  a  mixture  of 
fttlphur.  Moft  of  the  fulphur  wasfublimed,  and  the  refidue,  fl^htly  agglutinated,  had  ftill 
the  fame  grey  whitiih  appearance  as  after  the  pulverizatiottj  excepting  that  fome  brilliant 
gold-coloured  fpecks  were  feen ;  namely,  fulphate  of  tin,  or  aurum^-mufivum.  The  mi^ 
Aera],  however,  was  not  more  foluble  in  the  muriatic  acid  than  before. 

After  many  other  trials  equally  unfuccefsful,  the  eclebratcd  chemift  of  Berlin  had  re- 
ccurfe  to  that  fubftance  which  in  his  hands  has  become  fo  powerful  an  inftrument  of  ana- 
lyfis. 
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\gf\%  He  treated  his  ores  with  fi)C  parts  of  potaOi  in  fk  crucible  pf  niver,  and  the  fuccefs 
vr^  beyond  Jus  cxpe£lations.  By  the  firft  opcxi^tion,  o^pi  wer^  rendered  iblublc  in  water, 
precipitxtcdand  afterwards  taken  up  by  the  muriatic  acid.  ThewOrinte  of  tin  being  then  de- 
compofed  by  carbonate  o£  foda,  a  pure  oxide  was  obtained,;  which  was  eafi I y  re  diifolved 
in  the  fame  .acjd;  and  precipfta^  Sy  zinc.  This  precipitate,  fufed  in  a  crucible  with  tal- 
bw,  afFbrdcd  a  button  of  the  fame  weight  as  had  been  obtained  /rom  the  fame  kind  of  ore 
in  the  dry  way. 

By  this  means  he  was  authorifcd  to  conclude  as  follows,  with  regard  to  the  brOwn  bra 
of  Schlackenwald: 

Tin        -  •      - 


.  Iron 
In  100  part$-<^,, 


.  •      .  -      75 

o,s 
0,7  J 
Oxygene        *      ..  —    .   ^3,75 


•  100 

I  have  treated  in  th^  fame  manner  a  cryfhii  of  tin  ore'of  this  kind,  alfo  from  Schlack- 
enwald ;  not  becaufe  I  had  any  d^ubt  of  the  fuCcefs  announced  by  a  chemift  wlu)  has  fo 
long  been  in  pofleffion  of  well-eamed  confidence ;  but  this  fuccefs  feemed  to  be  a  con^ 
firination  of  the  cdnjeAure  on  which  Mr.  Klaproth  had  founded  his  experiments,  and  i 
fiippofed  that  there  was  good  reafon  to  doubt  whether  the  complete  faturation  or  fuperfa- 
turation  of  tin  by  oxygene  wece  the  true  caufe  of  ks  infolubllity  in  the  muriatic  acid.  Fdr 
I  could  not  at  any  period  of  the  operation  difcem  either  the  fubftance  which  might  feize 
this  exceft  of  oxygene^  or  any  trace  of  the  phenomena  which  muft  have  accompanied rits 
difengagement. 

In  order  to'  obferve  &e  circunifliahces  mth  more  facility,  t  operated  in  a  fmall  crucible 
of  platina  over  a  reverberatory  lamp  of  Argand  (fur  une  lampe  d'Argand  a  rechaut*). 
Fifty-five  centigrammes  of  the  brown  cryftals  of  tin,  reduced  into  fine  powder,  were  well 
mixed  with  fix  tiines  the  quantity  of  potafli  purified  by  alcohol,  and  dried.  The  mixture 
was  moiftened  with  a  few  drops  of  water,  then  evaporated  to  drynefs,  and  afterwariis 
heated  to  the  commencement  of  fufion.  After  the  firft.  operation^  hot  water  was  poured 
on  thp  mafs,  and  took  up  more  than  half  the  mineraL  Muriatic  acid  firft  precipitated  it^ 
-and  afterwards  difiblved  it  with  the  greateft  facility*  The  precipitate  or  metallic  oxide, 
reproduced  by  carbonate  of  potaQi,  was  in  fa£l  completely  foloble  by  the  fame  acid,  as  Mr. 
Klaproth  had  affirmed. 

But  after  having  thus  witneiTed  the,fa^,  ra%  iirft  doubt  concerning  the  direfk  folubility 
of.  this  pre  was  rather  ftrengthened  than  ipmoved^  For  it  can  not  be  affirmed  ^at  the  excefs 
of  oxygra^  was  difiipated  during,  the  fufipnj|»(itb,pGftaih,I^aufe^  the  metal  cpuld  not  form  a. 
{bluble  combination  with  the  alkali,  foot  in  <:oofequenoe^of  k^  oxidation  to  the  lait  d^rec^' 
or,  to  fpeak  more  cprredly,  its  acidification,;  fp  th^  the;)ixivium  of  the  filtered  refldue  is 
a  true  ftannate,  or  perhaps  a  ftannite  t^  of  ^"^  (potafli). 

•  Tlic  aothorintenlltfoanto  pvC'^dtforiptioh'ioE  tW*  t**"F'       •.<••• 

f  .Mr.  Batchett  ift  hit  paper  oacbeimdybditffiof/.Uai.aad  <bQ.«i«^)rbdic.acia>:iiv(brtcd  m 

Ti:anCi£licm$of  London  for  ;796^.c9raparc8pijecifyIy,jthc.a/j4on|g^ 

ccnaie  it,  to  that  xyhich  produces  the  fam?  %k^6t  on  tii}.   U  may  com'cr/cly  l;c  inferred  ihiit  lin  \^  aci^ificyl  \Aic 

inojybilena,    G,  .  ,  , 

Vojul.— March  1798.  '      4A'  In 
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In  the  mean  time,  as  we  are  forced  to  admit  that  all  the  ozygene  of  At  ore  rs  fbuncf  iK 
the  alkaline  folution,  the  more  efie&ual  a£lion  of  the  acid  upon  the  metal  cannot  be  fnp- 
pofed  to  arife  from  the  lofs  of  a  portion  of  this  •principlci  becaufe  it  continues  ftill  in  the 
fame  (late  of  faturation  ;  neither  is  there  any  lign  of  oxygenated  muriatic  acid  gas ;  and  it 
would  likewife  be  difficult  to  conceive,  why  in  Ais  circuroftance'  there  (hould  rather  be  a 
dtfengagement  of  the  gas  than  when  the  acid  is  digefted  on  the  ore,  asf  is  obferved  in  the 
oxides  of  manganefe  and  of  lead. 

To  eftablifli  this  point  of  theory  on  a  more  deciGve  experiment,  I  diflblred  fix  grammea 
of  tin  in  the  nitric  acid,  and  evaporated  feveral  times  to  drynefs  the  new  acid  which  was 
fucceffively  poured  on.  I  fuppofe  it  cannot  be  doubted  but  that  the  tin  in  this  ftate  had 
combined  with  as  much  oxygene  as  it  is  capable  of  fixing.  Neverthelefs,  the  mafs  o£ 
white  oxide,  wafhed  until  the  water  which  came  off  caufed  no  further  change  in  vegetable 
colours,  was  very  folubleTn  muriatic  acid. 

What  therefore  is  the  caufe  of  the  infolubility  of  the  ore,  which  conGfts  alfo  of  tin  and 
oxygene  with  fcarce  one  hundredth  part  of  foreign  matter  ?  This  caufe  is  to  be  found  on* 
ly  in  the  ftate  of  aggregation  of  the  latter.  This  aflertion  cannot  be  thought  ftrange,  ex- 
cept on  account  of  the  little  regard  which  has  hitherto  been  paid  to  its  energy.  If  conw 
binations  be  the  refult  of  affinity  or  eleAive  attraflion,  is  n6t  this  attradion  itlelf  a  power 
which  may  be  rendered  ineffi: dual  by  xkc  fum  of  the  forces  which  a£l  in  the  contrary  di« 
re£iion  ?  Thefe  truths  furely  cannot  appear  repulfive  to  Mr.  Klaproth,  who  has  ren* 
dered  them  fo  evident^  by  (hewing  that  the  ruby,  the  fapphire  and  the  adamantine  fpar^ 
of  which  the  elements  are  in  their  own  nature  fo  eafily  foluble,  do  not  refift  the  orcUnary 
methods  of  analyfis  but  in  confequence  of  the  aggregation  of  their  integral  parts* 


T 


VL 
On  Fairy  Rings. 


HE  appearance  in  the  grafs,  commonly  called  Fairy  Rings,  ts  well:  khown.  It  con- 
fifis  either  of  a  ring  of  grafs  of  more  luxuriant -vegetation  than  the  reft,  or  a  kind  of  cir- 
cular path  in  which  the  vegetation  is  more  defcfiive  than  elfewhere.  It  appears  to  be 
pretty  well  afcertained,  that  the  latter  ftate  precedes  the  formec  Two  caufes  ait  affljpftd 
for  this  phenomenon  :  the  one,  which  cannot  be  controverted,  is  the  running  of 'a  fungus  ; 
the  other,  which  has  been  confidered  as  an  ieSufion  of  theory,  is  grounded  on  a  fuppofition 
that  the  explofion  of  lightning  may  produce  efiefts  of  the  fame  kind  on  the  ground  a^ 
Dr.  Pricftley*s  battery  was  found  ta  produce  on  the  poliflied  furface  of  a  ^late  of  me«d» 
that  is  to  fay,  a  feries^of  concentric  rings.  Some  obfervations,  whidi  1  find  intny  eom^ 
mon-place  book,  appear  to  ihew  that  this  lift  tSeSt  may,  in  certain  circumft»ite8^  take* 
place. 

On  Tuefday  the  ipth  of  June,  1781,  a-  very  powerfid  thunder-^loroi  pafled  over  the 
weftem  extremity  of  London.  I W9S  thta  at  Kitterfea,  and  made  no  other  nmadc  on  the 
phenomena  than  that  the  explofions,  which  were  very  marked  and  diftind^  were  in  many 
inftances  forked  at  the  lower  end,  but  never  at  the  top ;  whence  it  follows,  that  the  clouds- 
were  in  the  pofitivc  ftate  for  the  moft  part.    On  the  following  Sunday>  namely  the  i+th^ 

I  happened 


EffeSs  tf  Lightning  m  a  Gr9Vi  $f  Treej,  j^j' 

I  happened  to  be  in  Kenfmgtcm  Gardens,  in  every  part  of  which  extenHve  piece  of  ground 
the  lightning  had  left  ibme  jnajrka  of  k«  agency,  chiefly  by  difcoloration  of  the  grafs  in 
zigzag  (treaksi  fome  of  which  were  fifty  or  fixty  yards  in  length.  Inftances  of  this  fuper- 
fidal  courfe  of  the  lightning  along  the  ground  before  it  enters  the  earth  are  fufficiently 
frequent.  But  the  circumitance  which  attraded  my  attention  die  tnoft  was  feen  in  a  fmall 
grove  of  trees  at  the  angular  point  of  one  of  the  walks*  Plate  XXIL  figure  3 .  exhibits  a 
(ketch  of  part  of  the  gardens,  in  which  the  angular  point  is  denoted  by  the  letter  A. 
Figure  4.  rq[irefents  the  pofition  of  the  trees.  The  numbers  exprefs  tlu:  diftances  be« ' 
tween  the  trees  infect. 

Clofe  to  the  ftem  of  the  tree  A  was  a  hole  in  the  ground  four  inches  long  and  two  wide,  * 
proceeding  to  the  fouthward ;  and  at  two  feet  farther  to  the  fouth  was  another  fimilar  hole. 
Between  thefe  two  holes  the  ground  was  torn  away.  This  appearance  is  reprefented  in 
figure  3,  in  which  the  letter  A  reprefents  the  trunk  of  the  tree.  The  grafs  was  very  much 
fiporched  U>  the  diAance  of  about  three  feet  in  evd7  dire£Uon  from  the  trunk,  and  in  this 
burned  (pace  there  were  (everal  other  (mailer  holes. 

Clofe  to  the  trunk  of  B,  on  the  (butfa  fide,  there  was  a  hole  In  the  ground. 
.  Near  the  tree  C  there. was  al(b  a  hole  in  the  ground,  and  it  was  furrounded  with  a  Faint 
nng  of  burnt  grafs  at  m  little  diftance  i  but  as  the  graft  wa&  grown  again,  it  feemed  pro-. 
bable^  that  the  ring  was  occafioned  by  fome  eajiier  (broke  than  that  on  Tuefday. 

The  txceiD  was  furrounded  by  a  ring  of  6  £ptt  radius,  and  iS  inches  broad.  Within 
t^  ring  thcrgrafs  was  ikefliri  chut  on  the  fusfaoe  of  the  ring  the  grafs  and  the  ground  were 
much  burned.  To  the  eaftward  of  the  tree  upon  the  ring  itfelf  were  two  holes,  in  which 
the  ground  bid  the'appeariaceiof  a&er.    Tb^  tree  JS  had  half  a  faint  ring  to  the  weft- 

The  tree  F  was  furrounded  by  a  faint  ring  of  two  yards  radius.  Within  the  ring  the 
ff^fy  wa«  tMAurt *  T^  ihe  weftWai^*  ^  :a^iH7thtee  fctt  diflance  from  the  inner  ring,  was 
P9^t  of  ask^i^iihcr  imikff  riag^  of  inuich  the  faoie  a^pearante ;  the  verdure  being  unhurt  in 
tt^VPWpR4betw$r?t|ie^m^         •  / 

\  iin9giac4  the  leaves  of  the  trees  were  a  little  c«rkd,  kyut  eould  obferve  no  blafted  boughs; 
a  «itcujn(kaoce  whiel^  tqgetber  wilhthe  ^ther  faA%  appears  to  indicate  that  thefe  appear-^ 
an^ces  were:prod^cc4  by  Ae  recent  ftorm  of  the  19th. 


vn. 

g9^fmmint0il  Rtfifoniis  tf  tfcerfain  the  N4itnre  of  tbr  Prue/j  iy  which  the  Eye  adapts  itfelf 

U  pnduftc  diftinS  Fifnn. 

•   -  i     *  [CotkUM  ftom  pag«  479.3 

J^N  theMltbere  is  a:lfanfp»nent  I^ny  convex  covering  at  fome  diftance  before  the  eye,  to 
defend  it  from  external  accidents*  This  covering  to  an  eyeiitted  to  fee  in  air,  would  en- 
tirely tak^  Qff  (he  effe^  arifing  from  chaiige  of  figure  yi  the  cornea  ;  but  in  water,  where 
119  f^  fihao^  cottU:be  attendc|d  with  advantage^  fuch  a  covering  is  employed  as  an  ex- 

UntnAi/cfttoa.    :      i    ;       ! 

4  A  2  In 


J548  PeculieritUs  of  Vificn  in  F\lbes^  isfc^ 

In  the  eyes  of  fifhes  the  ciliary  proceiTea  sire  entirelf  wanting.  The  cryflalline  leaf  ii 
fpherical  and  imbedded  in' the  Wtreous,  h^mpury  which  is  inclofed  in  cells  of  a  ftrongcr  tex* 
tare  than  in  other  anjmals^  '  '  '        .    *  1 

The  iris  does  not  admit  of  motion  $  thi^  j^  taken  .'iiotice  of  by  Haller;  and  the  reafeii 
probably  is»  that  the  light  in  water  is  never  too  ftrong.for.the  eye  to  bear.  * 

There  is  a  mufcle  (ituated  between  the  retina  and  the  iclerotic  coatj^  which  ia^  as  Mr.  Home 
thinks,  common  to  all  iifli.  This  mufcle  is  particularly  defcribed  by  Mr.  Haller ;  and  its  ufe 
is  flated  to  be  that  of  briugipg  the  retina  hearer  .the  crylbUineiens  for  the  purpofei  of  fee- 
ing objc£ls  at  a  greater  diflance.  Mr.  Hunter  called  it  the  choroide^maCde,'  and  has  pre^ 
ferved  feyjcral  preparations  of  it '  •.  ■  i    .  '  ^ 

This  mufcle  has  a  tendinpua  oei^trc  round  the  optic:  nerve^  at  .which  part  it  is'atrached  to 
the  fclerotic  coat;  the  inufcuiajn.fibreaare  iliort,.  andgockffiroiiithe  centnJ  tendon  in  «11 
dire£kions  \  the  fliape  ofi  the  mufde  isi  nearly  that  of  a  horie-ftoe'}  anteriorly  it  is  attached 
to  the  choroi4^  QoatSj  aud  by  imeans^of  that  tx>  the' fclerotic:  'Its  adlion-tends^eridently  to* 
bring  the  retina  forwards  ;  and  in  general  the' optic  nerve  hi  fiOiesmakesa  bend  wlUgre  it  eiW 
ters  the  eye,  to  admit  of  this:  miption  withoilt  the  aerre  being  ftietdied. 

In  thofe  i^es  that  h^?e  the  fclerotii^.  coat  completely  covered  with  borie,  the  whole  adjuft- 
ment  to  grear  diftances  rauft  be  produced  by  the  adionof  the  choroide  mufcle }  but  in  the 
others,  which  are  l^y  far  the  greater  number^  this  efieA'  will  be  muchaflifted  by  the  a£kion 
of  the  ^ait  niufcles  pulling  .Uie  eye-ballagaihft  tberockofiasidicompreffiiig^e  pofte'rior 
party  whi^h)  as  it  is  the  only  mta4Nrinediii^  :part  •kmumyififlieiy ;  would  appeinrtp  be  formed 
fo  for  that  purpofe.  .^       .'  ^'.  ,    ■:  ^      «=  :,  '  '-'■''     •'  i    !  ..•.:!..>     \z  .'V  ;■    . 

In  fi(hes,  the  eye. in  its  natutaldanp  ftate  ap^dirs  to  be  ai^ufticd  to Qear'objeAt,.'nequiring 
fome  change  to  adapt  it  to  fee  diftant  ones  \  in  this  refpcA  differing  entirely  from  the  Inrd^' 
the  quadruped,  an4  the  humam:    ^\  •  •'         ,  .!    . 

The  preceding  obfervationsy  ontheftnidlur^  oflhee^^iAdiect«4W)i>inetlMdsb#ac^*uftiitg 
the  eye ;  one  for  feeing  in  air,  dicodier  for.  feeing  In- water-  \'ktkA  that  thedr^ftaUine  lens,  ^ 
the  mod  confpicuous  part,  appears  to  have  engrofTed  the  whole  atlei'itibh'of  f6nherienqQTrer89' 
who  in  general  do  not  feem  to  have  paid  faffictent  attention  te'the  elongatioivof  the  am  and 
change  of  curvature  in  the  comeai-^T^hailcIie'akis'of  vifidn'is  reaHytehgthenedjandthelem*^ 
moved  forward,  appears  highly  probable  from  the  whole  of  the- fa'^fts ;  ^ild  finee  the  ek>hgt«^^ 
tion  of  the  eye,  the  change  of  pofition  of  the  cryftalline,  or  the  alteration  of  curvature  in  the 
cornea;  hsrre  fevertlly  appeared  to  "be  tRc'caufe  oFTlie  rcqiulitc  adjultmcnt,  tfieToinBIhaHon 
of  all  three  mud  undoubtedly  be  fufTicient  to  qflPeft  the  purpofe. 

In  the  Philofophical  Tranfaftions  for  1797,  page  1,  Mr.  Home  explains  certain  morbid 
affedions  of  the  (Irait  mufcles  sind  cdrneatof  the^eye,  sfnd  6ontidei%  tKiefrtr^tVn'etie.^  lijfi 
liates  the  ufes  of  the  mufcles  to  be ;  firft,  that  of  moving, thk  eye-balls  in  different  dire£lions  $ 
fecondly,  that  of  caufing  the  two  eyes  to  corre^ond  j.  and  thirdly,  that  of  producing  ad- 
juftment  by  their  lateral  preflure.  Imperfeftion  in  any  one  of  thefe  different  aftions  muflf 
b^  coi^fidered  as  a  difeafe.  Three  diffbrent  caiies  occur  in  para^ocr.;*naAiely^  itfdiftiif^l  vlfioh^' 
double  viflon,  and  fquinting.. .  i  '       .  .      .   v.    .    ":..  »  ♦■» 

Indiftina  vifion  is  explained  to  confifl  of  an  inability  in  the  mufcles  to  fnpport  that  de^ 
gree  of  tenfion  which  is  requifite  to  adjuft  the  eye  to.near  objefts. :.  In: this  moi^id  affection'  ■ 
of  the  flraight  mufcles  they  may  be  capable  of  performing  all  the  intermediate  comraftiohe-* 

at 
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as  ufual,  but  not  the  extreme  degrees  without  conGderable  pain.  As  thefe  fymptoms  have 
not  been  accounted  for  before  ill  this  way,  the  author  adduces  fome  curious  inftances  of 
fimilar  affeAions  of  other  mufdes,  and  concludes  that  bad  eSe^s  muft  neceiTarily  arife 
fi^om  everything  which  irritates  or  weakens  the  parts  themfervesj  or  the  general  habit  [[ 
and  that  fuch  means  ought  to  be  adopted  as  may  foothe  the  parts  in  their  fenfations^  and* 
quiet  and  ftrdngthen  their  a£tionS|  fince  in  that  way  only  the  mufcular  fibres  can  polEbI][ 
recover  their  tone. 

On  the  fubjeA  of  double  viflon  the  author  remarks,  that  many  opinions  have  been  ad- 
vani^ed  to  account  for  the  fingle  appearance  of  objefls  contemplated  by  both  eyes.    The* 
opinion  of  Dr.  Reid  of  Glafgow,  that  villon  is  fingle  when  the  impreffions  are  made  oa 
corrcfpondent  parts  of  the  retina  in  the  two  eyes,  and  double  when  this  is  not  the  cafe»,< 
appears  to  him  to  be  ftrongly  confirmed  by  the  faflte.     This  want  of  correfpondence  may 
be  produced  by  fome  change  in  the  rcfrafting  media  of  one. of  the.  eyes,  or  elfc  by  a  want 
of  fimilar  aftions  in  the  mufcles  of  botH  eyes  xeipefltively.    The  former  takes  place  after 
the  cryftallinc  lens  of  one  or  both' eyes  ha^  been  extra£led|  and.  the  convex  lens  made  ufc. 
of  to*  produce  the  requiHte  focal  adjuftment  is  not  duly  placea.    The  latter  is  more  parti- 
cularly the  object  o^  medical  treatment*    Mr.  Home  advifes  repofe,  that  is  to  fay,  that  ihei 
difordered  eye  fhould  be  covered  for  a  time.     For,  as  he  remarks,  the  firft  obje£l  of  atten- 
tion, with  regard  to  drained  or  over-fatigued  mufcles,  muft  be  to  put  them  into  an  eafy, 
ftate,  and  confine  tb^m  from  motion  ^  and  .this  pra&ice  is  no  lefs  applicable  to  the  mnfcles^* 
of  the  Jdyfc  than  thole  of  other  parts. 

'  As  double  vifibn  is^  produced  by' a  moderate  derangement  of  the  optic  axes,  fquinting,  iSv 
cfTefled  by  a  much  greater  derangement.    In  the  cafe  of  fquinting,  the  author  proves  that 
the  obje£l  is  not  feen  by  both  eyes  \  but  that  one  eye,. more  or  lefs  perfcfE^,  is  directed  to. 
the  objedi,  while  tKe  other,  which  in' fuch  cafes  is  imperfe£i,  is  drawn  aCde  by  habit,,  in. 
Mcr  that  iti'opfcrsttidn  may  riot  diftu'A  the  perception  received  by.  the  other  eye. .   The, 
greater  ftrength,  fbortnefs  and  ftraitnefs  of  the  addu£tor  mufcle  canfes  the  deviation  tp  be 
made  towards  the  noie* .  T^efe  dodrines  are  illuftrated'by  appofite  cafes.    Squinting  takes, 
place  in  three  difietent  circtimftances ;  that  is  to  fay,  where  one  eye  has  only  an  indiftiqA. 
▼ifion  ;  where  both  eyes  are  capable  of  feeing  objcAs,  but  the  one  is  lefsperfe£l  than  the. 
other ;  and  whete  the  mufcles  of  one  eye  have,  from  praAice,  as  in  the  cafe;  of  frequently 
looking  lhrbugh-telefcopes,"a€rq^ired  a  power  of  moving  it  independently  of  the  other. 

When  fquinting  arifes  from  abfoj[ut<?  iik)perfe£Hon  in  the  eye,  there  is;  no  cure.  Where 
it  arifes  from  wdakneifs  only  in  the  fight  of  one  eye,  it  may  in  fome  inftances  be  got  the 
better  of  by  confining  the  perfon  to  the  ufe  of  one  eye  by  covering  the  other  \  in  this  way. 
the  mufcles,  from  conftant  ufe,  become  perfeA  in  the  habit  of  dire£ling  the  organ,  and 
acquite  ftrength  and  power  of  adjuftment.  The  time  required  muft  depend  upon  the 
weaknef&  of  th^  fighi,  and  length' of  time  during  which  the  mufcles  have^  been  left  to 
ihemfelves.  ' 

The  Author  fliewsj' that  he\cornea  is  not,  like  the  cuticle,  devoid  of  life ;  though,  like 
tendons  sUid  liganlents,  it  is  neither  fupplied  with  red  blood  nor  pofieiTes  fenfibiiity,  but  is 
made  up  of  membraneous  ligaments,  which  are  continuations  of  the  tunica  conjun^iva  and 
the  tendons  of  the  four  ftraic  mufcles.    When  wounded,  it  commonly  unites,  like  other 

%  living 
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living  parts,  by  the  firft  intention,  and  in  fomc  cafes  with  inflamnuttion  exceeding  the 
limits  of  adhefion  \  and  the  whole  internal  cavity  of  the  eye  proceeds  to  a  ftate  of  fuppura- 
tlon.     nicfe  ftages  of  inflammation  are  only  met  with  in  parts  poflTeffcd  of  life. 

From  the  opinion  of  the  cornea  being  void  of  life,  the  opacities  which  are  found  to 
take  place  on  it  have  been  fuppofed  to  arife  from  inanimate  matter  laid  over  its  furface. 
And  under  that  notion  acrid  and  irritating  applications  have  been  ufed  to  remove  it,  fuch 
^s  powdered  glafs,  powdered  fugar,  &c.  Such  applications  being  of  fervice,  have  con? 
firmed  the  opinion. 

Dr.  Home  coufiders  the  cornea  as  a  ligamentous  part,  and,  as  fuch,  wieafc  in  its  vital 
powers.  This  arifes  from  fuch  parts  having  no  vcflels  carrying  red  blood.  When  they  iu- 
iame,  which  is  a  ftate  of  increafcd  aflion,  they  therefore  require  a  different  mode  of  treat- 
ment from  the  other  parts  of  the  body,  whofe  vital  powers  are  ftrong  in  confeguence  o£ 
l>ecng  largely  fupplied  with  red  blood. 

The  truly  healthy  inflammation  requires  an  increafed  aftion  in  the  parts  aflfefled  *,  anct 
if  this,  either  from  weaknefs  or  indolence,  is  not  kept  up,  the  inflammation  does  not  go 
rapidly  through  its  ftages,  but  remains  in  a  ftate  between  refolution  and  fuppuration.  la 
ligamentous  ftrudures  the  aftions  muft  therefc^e  be  roufed  and  fupported,  when  under  in- 
flammation, to  promote  refolution,  and  to  prevent  the  parts  from  falling  into  an  in4olent; 
difeafed  ftate.  This  is  however  attended  with  difficulty,  and  they  too  often  become  con^« 
derably  thickened  by  a  decompofition  of  coagulating  lymph  during  thp  adheiive  ft^te  of  ifir 
famthation,  which  in  the  cornea  renders  it  opake.  The  thickening  of  tl\e  part«  rep^iii, 
after  the  inflammation  is  gone,  and  can  only  be  renioyed  by  abfqrption,  whic^  is  \f^tt 
€ffeAed  by  the  application  of  very  ftimulat^ng  medicines. 

He  extends  thefe  principles  to  all  ligamentous  ftru£tures.  Thefe  require  a  pfCuUar 
treatment,  which  may  be  illuftrated  both  in  inflammations  of  the  joints,  and  of  the  co;rnea 
of  the  eye  ;  the  applications  made  ufe  of  with  the  greatcft.  advanta|^^  i^  bf)^  c^fes  bd^g 
of  a  very  ftimulatiifjg  kind. 

The  inftance  of  the  cure  of  an  opacity  of  the  cornea  in  the  eyes  of  Tobit  by  t^ie  g^  of 
a  fifli,  as  related  in  the  apocryphal  book  which  bears  his  name  i  with  other  circumftauces. 
of  like  practice  among  the  Arabians;  and  alfo  ccrta^in  fa£ls  and  obfervatiops  which  occturred 
in  his  own  praflice,  are  related  as  proofs  of  the  advantage  of  fUmulating  applicar 
tions  to  the  cornea.  In  fome  old  cafes  of  opacity,  he  found  gall  the  befb  application.  He 
ufed  it  pure,  and  alfo  diluted.  The  gall  of  quadrupeds^  in  thefe  trials,  gave  more  pain  than 
the  gall  of  fifli.  The  painful  fcnfution  was  very  fevere  for  an  hour  or  two,  and  then  went 
off,  and  the  beneficial  eflR:£ls  appeared  to  be  in  proportion  to  the  local  violence  at  the  time 
of  its  application.  The  obje£l  of  his  obfervations  having  been  to  explain  the  principle 
upon  which  thofe  eflfe£^s  depend,  this  knowledge  may,  as  he  obferves,  regulate  the  pra£Uicc 
fuitable  to  be  adopted  in  fuch  cafes.  It  will  Oiew  the  impropriety  of  ufing  fuch  medicines 
while  the  inflammatory  a£tion  is  increafing,  and  will  point  oiit  their  adoption  the  moment 
the  inflammation  appears  to  be  at  a  ftand,  inftead  of  poftponing  thefe  remedies  till  an  in- 
dolent unhealthy  ftate  takes  place,  which  too  often  terminates  in  opacities  not  to  be  after- 
wards removed  by  any  application.  > 

MIL  jEat/t. 
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Experiments  and  Ohfervatkns  on  the  Inflexion^  Reflexion^  and  Cohurt  of  Ught. 

B]  MeNRV BROVGHAMf  JuH.  Efq.'^ 

xT  has  always  appeared  wonderful  to  me,  fiiice  naturie  fieems  to  delight  ki  thofe  ctofe 

analogies  which  enable  her  td  preferve  Gmpiicity,  and  even  uniformity  in  variety,  that  there 

(hould  be  no  difpofitions  in  the  parts  of  light  with  refpe£l  to  inflexion  and  reflexion  ana«» 

logons  or  fimihr  to  their  different  refrangibility.     In  order  to  afcertain  the  exiftence  of 

fuch  properties,  I  began  a  courfe  of  Experiments  and  Obfervationsj  a  fliort  account  of 

which  forms  the  fubflance  of  this  paper.     For  the  fake  of  perfpicuity  I  fliall  begin  wid^ 

the  analytical  branch  of  the  fubje^i  comprehending  my  obfenrations  under  two  parts  r 

flexion,  or  the  bending  of  the  rays  in  their  paflage  by  bodies,  and  reflexion.    And  I  fhali 

conclude  by  applying  the  principles  thqre  eftabliihed  to  the  explanatbn  of  phenomena^  ia 

the  way  of  fynthefis. 

As  in  every  experimental  enquiry  much  depends  on  the  attention  paid  to  the  nnnutcft 

circumftances^in  juftice  to  myfelf  I  ought  to  mention  that  each  experiment  was  fet  dowi» 

as  particularly  as  pofllible,  immediately  after  it  was  made ;   that  they  were  all  repeated 

every  favourable  day  for  nearly  a  year,  and  before  various  perfons  ;  and  as  any  thing  like  a 

preconceived  opinion  with  refped  to  matter  of  theory  that  is  in  difpute,  will,  it  is  more 

than  probable,  influence  us  in  the  manner  of  drawing*  our  conclufions,  and  even  in  the 

manner  of  recording  the  experiments  that  lead  to  thefe,  I  have  endeavoured,  as  much  as> 

poflibie,  to  keep  in  view  the  faying  of  theBrahmin^  *<  th(^  be  who  obftinately  adheres  to 

*<  any  fet  of  opinionSf  may  bring  himfetf  at  laft  to  bdteve  thtt  the  SnOi'fandal-tuood  it  a 

flame  of  £«♦.•'  u 

Part  h    OfFhmn. 

IN  order  to  fix  our  ideas  on  a  fubjeA  which  has  never  been  treated  of  with  mathematical 
precifidn,  we  (hall  fuppofe>  for  theprefent,  that  all  the  parts  of  light  are  equally  aded 
upon  in  their  paflTage  by  bodies,  and  deduce  feveral  of  the'  mt>ft  importaac  propofitxoni 
which  occur,  without  mentioning  the  demonftrations. 

Def.  I.  If  a  ray  paflTes  within  a  certain  diftance  of  any  'body,  it  is  bent  inwards  \  this  we' 
fliall  call  inflexion.  2.  If  it  pafles  at  a  fttll  greater  diftance,  it  is  turned  aWay  ^  this  may  be 
termed-  deficfxion.  3.  The  angle  of  inflexion  is  that  which  the  inflected  ray  makes  with 
the  line  drawn  paraUet  to  the  edge  of  the  infie£Hng  body;  and'  the  angle  of  incidence  is  that 
made  by  the  ray  before  inflexion,  at  the  point  where  it  meets  the  paralleL  Amd  fo  of  dii 
angle  of  deflelion^ 

Ptopo/bi^rt  I.  The  force  by  WUob  bodies  inflediHSd' defied  ihe  says,  aOs  in  Knes  per« 
pendicular  to  their  farfaces. 

Prop^  IL  The  fines  of  inflexion  and  defiexlon  are  each  ef  them  ta  the  fine  ef  incidence 
ina  given  raiio'^(aiidwbartliisTarii»is,'we(halL9fteinrardsfl»^       .        - 

P^  III..  The  bending  force  is  to  the  pik>{leUing  force  of  lig|lr  as  the  fine  of  thi$'difi-> 
£mnce  betweeirtbe  angte$<bf  Infle^dob  t^t^ditlt^ii^^^A'i^idlni^  €ofin<*Wtlkf 

angle  of  inflexion  or  deflexion )b 

**  Fhilofophical  TnnraOioiKj  m.BCCxcvi.  i^  f  AfiattcRefearcbes,  rot.  i.  £■ '*4- 
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Prop*  IV.     Tht  rays  of  light  may  be  made  to  revolve  round  a  centre  in  a  fpiral  orbit. 

Prop,  V.  If  i\)C  inflc£ling  furface  be  of  confiderable  extenti  and  a  plane,  then  the  curve 
defcrtbed.  may.  be  found  by  help  of  tl^  Prop.  XLI.Book  L  of  Principia ;  provided  only  the 
proportion  of  the  force  to  the  diftance  be  given;  Thuit^  if  the  bending  force  be  inverfeiy  as 
the  diftance,  the  curve  cannot  be  found  \  for,  in  order  to  obtain  its  equation,  a  curvilinear 
ftrea  mud  be  iiquared)  which,  in  this  cafe,  is  arconich^^perbola  $  the  reUtion,  however,  be* 
txftcn  its  ordinaces  and  abfciiTse  may  be  obtained  in  flttxions,  thus:  yy  '^b  y  ^  a^'^. 

.If  the  force  (which  is  moft  probable)  be  inverfeiy  as  the  fquate  of  the  diftance,  the  curve 
to  be  fquarcd  is  the  cubic  hyperbola  ;  fpecies  LXV*  genus  III.  of  Mewton's  Enumeration  \ 
and  this  being  quadrnble,  the  curve  deicribed  by  the  light  will  \ic  xht parabola  campantfcrmU 
pura  \  Species  LXIX-  of  Newton. 

If  the  force  be  inverfeiy  as  the  cube  of  the  diftance,  the  curve  is  a  circular  arch,  and  that 
of  deflexion  is  a  conic  hyperbola  *•  If  the  tnfle£liiig  body  be  a  globe  or  eyfinder,  and  the 
force  be  inverfely*as  the  iquare  of  the  diftance  fronfi-  the  furface  }  then,  by  Prop.  LXXI. 
Book  I.  of  Principia,  the  attra£lion  to  the  centre  is  inverfeiy  as  the  fquare  of  the  diflance  from 
that  centre ;  and  therefore,  by  Prop.  XI.  and  Xllf.  -of  tbe  fame  'Book,  the  ray  moves  in  an 
ellipfe  by  the  infle£^ing,  and  in  an  hyperbola  by  the  defle^ing  force  }  each  having  one  focus 
in  the  centre  of  the  body.    The  truth  of  thefe  things  mathematicians  will  eafily  determine. 

Pr9p,  VI.  If  a  ray  fall  6n  a  fpecular  furface,  it  will  be  bent  before  incidence  into  a  curve 
having  two  points  of  contrary  flexure,  and  then  will  be  bent  ba<jk  the  contrary  way  into  an 
equal  and  fimilar  curve,  as  in  Fig.  x.  PI.  XXIII. 

Corollary  to  thefe  propofitions.  If  a  pencil  of  rays  fall  converging  on  an  interpofed 
body,  the  fliadow  will  be  lofs  than  the  body  by  twice  the  fine  of  inflexion. 

And  if  a  pencil  fall  diverging  on  the  body,  the  (hadow  will  be  greater  than  the  body  bf 
twice  the  fine  of  inflexion;  but  lefs  than  it  fliould  be,  if  the  rays  had  pafled  without  bend- 
ing, by  twice  the  fine  of  the  diflerence  between  die  angles  of  infledtion  and  incidence.  The 
fine  or  angle  of  incidence  is  greater  than  the  line  or  angle  of  inflexion,  when  the  incident 
rays  make  an  acute  angle  with  the  body ;  but,  when  they' make  an  obtufe  or  right  angle^ 
then  the  fine  or  angle  of  inflexion  is  lefs  than  that  of  incidence.  Th^  fine  of  incidence  is 
greater  than  that  of  deflexion,  if  the  angle  made  by  the  incident  ray  with  the  body  is  ob- 
tufe ;  but  lefs,  if  that  angle  be  acute  or  right.  If  a  globe  or  circle  be  held  in  a  beam  of 
light,  the  rays  may  be  made  to  converge  to  a  focus. 

Hitherto  it  has  been  fuppofed  that  the  parts  ofwhich  light  confifts  have  all  the  fame  dif- 
pofition  to  be  a6ted  upon  by  bodies  which  infleft  and  defied;  them ;  but  we  (hall  now  fee 
that  this  is  by  no  means  the  cafe. 

Obfervation  I.  Into  my  darkened  chamber  I  let  a  beam  of  the  fun's  light  through  a  hole 
in  a  metal  plate  (fixed  in  the  window-lhut)  of  ^  of  an  inch  diameter  \  and  all  other  light 
being  abforbed  by  black  cloth  hung  before  the  window  and  in  the  room,  at  the  hole  I: 
placed  a  prifm  of  glafs,  whofe  refra£ling  angle  was  45  degrees,  and  which  was  covered  all 
over  with  black  paper,  except  a  fmail  part  on  each  fide,  which  was  free  from  impurities^ 
and  through  which  the  light,  was  refnided,  fo  as  to  form  a  diftimft  and  tolerably  homoge- 
neous.fpe£^rum  on  d'Chart  at  fix  feet  from  the  windo^r^    In  the  ray^,  at  two  feet  from  the 
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pTifxtii  1  placed  a  black  unpoliflied  pin  (whofe  diameter  was  everywhere  one  tenth  of  an 
inch)  parallel  to  the  chart  and  in  a  vertical  poficion.     Its  (hadow  was  formed  in  the  fpec* 
trum  on  the  chart,  and  had  a  confiderable  penumbra,  efpecially  in  the  brighteft  red,  for  it 
was  by  no  means  of  the  fame  thicknefs  in  all  its  parts ;  that  in  violet  was  broadeft  and  mod 
diftindi ;  that  in  the  red  narroweft  and  mod  confufed  -,  and  that  in  the  intermediate  co- 
lours was  of  an  intermediate  thicknefs  and  degree  of  diftinflnefs.     It  was  not  bounded  by 
ftraight  but  by  curvilinear  fides,  convex  towards  the  axis,  to  which  they  approached  as  to  an 
afymptote,  and  that  neareft  in  the  leaft  refrangible  rays,  as  is  reprefentcd  in  Fig.  2,  where 
A  B  is  the  axis,  I  K  L  M  N  A,  and  H  G  F  £  D  A  the  two  outlines.     Nor   could  this 
be  owing   to    any  irregularity  in  the  pin,    for  the  fame  thing  happened  in  all  forts  of 
bodies  that  were  ufed  \   and  alfo  if  the  prifm  was  moved  on  its  axis,  fo  that  the  colours 
might  afcend  and  defcend  on  thefe  bodies  \  flill,  wherever  the  red  fell,  it  made  the  leaft, 
and  the  violet  the  greateft  (hadow. 

Ohf,  II.   In  the  place  of  the  pin  I  fixed  a  fcreen,  having  in  it  a  large  hole,  on  which  was 
a  brafs  plate  pierced  with  a  fmall  bole  ^d  of  an  inch  in  diameter.  Then  caufing  an  ailiftant 
to  move  the  prifm  ilowly  on  its  axis,  I  obferved  the  round  image  made  by  the  different 
rays  pafTmg  through  the  hole  to  the  chart ;  that  made  by  the  red  was  greated,  by  the  viofet 
lead,  and  by  the  intermediate  rays,  of  an  intermediate  Cze.    Alfo,  when  at  the  back  of  the 
hole,  I  held  a  fliarp  Made  of  a  knife,  fo  as  to  produce  the  fringes  mentioned  by  Grimaldo 
and  Newton  \  thofe  fringes  in  the  red  were  broaded  and  mod  moved  inwards  towards 
the  diadow,  and  mod  dilated  when  the  knife  was .  moved  oyer  the  hole,  and  the  hole 
itfelf  on  the  chart  was  more  dilated  during  the  motion  when  illuminated  by  the  red,  rhan 
when  illuminated  by  any  other  of  the  rays,  and  lead  of  all  when  illuminated  by  the  violet. 
Now  in  Obfervation  I.  the  angle  of  incidence  of  the  red  rays  was  equal  to  that  of  the  violet 
and  all  the  red,  and  yet  the  angle  of  inflexion  was  greated  and  lead  in  the  violet ;  and  in- 
deed the  diflference  between  the  two  was  greater  than  appears  at  fird  from  the  experiment ; 
for  that  part  of  the.  (hadow  which  was  formed  by  the  violet,  fell  at  a  greater  didance  from 
the  point  of  incidence  than  did  that  part  which  was  formed  by  the  red,  from  the  diver- 
gency of  the  diiFerent  rays  upwards  by  the  refra£lion,   as  appears  in  Fig.  3,  where  D  £  is 
the  window,  F  G  the   beam   propagated  through   the  hole  F,  refra£led  by  the  prifm 
K  I H  and  pointing  on  the  chart  O  P  q  s  ;  the  fpe£trum  v  r,  being  feparated  in  L  r,  the 
red  rays  incident  on  the  pin  C  D  at  C ;  and  M  v,  the  violet  incident  at  D ;  the  (hadow  of 
P  C  being  formed  in  v  r,  fo  that  v  being  farther  from  D,  than  r  is  from  C,  therefore  (by 
the  propofitions  formerly  laid  down)  the  (hadow  in  v  (hould  be  confiderably  lefs  than  in  r, 
if  the  rays  were  equally  infle£ied.     Ladly,  in  Obf.  11.  the  angle  of  tlie  red's  incidence  was 
nearly  equal  to  that  of  the  violet^s,  by  the  motion  of  the  prifm,  and  the  confequent  motion 
of  tlie  colours ;  only  that  if  there  was  any  difTerence  it  was  on  the  fide  of  the  violet :  and 
yet  the  violet  was  lead  in(le£led,  and  the  red  mod  InfieAed ;   and  fo  of  the  fecond  inflexion 
by  the  knife-blade  :  wherefore  I  conclude  that  the  rays  of  the  fun's  light  diflPer  in  degree  of 
inflexibility,  and  that  thofe  which  are  lead  refrangible  are  mod  inflexible. 

Obf.  III.    My  room  being  darkened  as  before,  and  a  conical  beam  propagated  through 

tlic  fmall  hole  19.  the  window  (hut  \  at  this  hole  I  placed  a  hollow  prifm  made  of  broken 

plates  of  mirror,  and  of  fuch  an  angle  tliat,  when  filled  with  diftilled  water,  it  cad  a  fpec- 
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tnxm  on  an  hdrizontal  tubtei  and  was  there  received  on  a  chart  fcven  leet  fn^iti'the  window;. 
I  then  placed  on  the  htnc  table,  and  in  the  rays  between  the  chart  and  the  pfifm,  at  three- 
inches  from  the  chart,  twe  (harp  knife-blades»  with  even  edges,  and  fixed  to  a  board  with 
wax,  fo  as  to  make  an  angle  with  one  another  \  moving  them  nearer  and  nearer,  till  I  faw 
the  fringes  appear  in  the  red  light  on  the  chart,  and  then  in  the  orange  and  other  colours 
foccefTively.  I  then  withdrew  one,  and  the  fringes  became  faint  and  narrow,  and  not  alt 
within  the  (hadow  of  the  remaining  knife,  but  at  its  edge,  and  even  in  the  light  of  die 
fpedimm.  Laftljr,  when  I  flowJy  approached  the  other,  they  moved  into  the  ihadow,  and 
became  broader  and  farther  fcparated  one  from  another  ;  there  being  the  like  fringes  in 
both  fhadows.  This  I  repeated  in  all  the  rays,  and  plain^  faw,  that  at  the  approach  of  the 
knife  the  fringes  became  broader  and  farther  removed  from  one  another,  and  from  the 
light,  in  the  red  than  in  the  violet,  or  any  of  the  other  rays. 

Ohf  IV.     In  repeating  the  foregoing  Experiment,  I  obferved  a  very  curious  phenome* 
non.    When  the  angle  of  the  knife-blades  was  fo  held  in  any  of  the  rays, .  as  to  make  tlic 
hyperbolic  fringes  defcribed  by  Newton*,  and  thefe  being  always  of  the  colour  in  which 
they  were  held  ;  moving  the  angle  a  little,  fo  as  to  make  the  fringes  out  of  the  light  diat 
went  to  the  top  of  any  one  divifion  of  the  fpe£i;rum,  and  alfo  out  of  diat  which  went  near 
the  bottom  of  the  next,  the  fringes  were  made  of  two  colours  ;  one  part  was  of  the  higheft 
colour,  and  the  other  of  the  lowed  ^  but  both  were  on  the  ground  of  the  higheft.    Thus,  if 
held  on  the  confine  of  the  green  and  blue,  the  upper  half  of  each  fringe  w^s  blue,  the  under 
green,  but  both  parts  in  the  Uue  divifion  of  the  fpe£tru.m  ;  and  trying  the  fame  in  all  the* 
rays,  it  was  evident  that  the  red  was  moved  farther  into  the  orange,  and  the  orange  into  the 
yellow,  than  the  blue  was  into  the  indigo,  or  the  indigo  into  the  violet.    Now  in  Obf.  III. 
the  fringes  were  formed  by  the  inflexion  of  one  knife,  and  were  moved  into  its  ihadow,  and* 
feparated  and  dilated  by  the  deflexion  of  the  other  ;  and  this  moft  in  the  red,  and  leaft  in 
the  violet.  Likewife  in  Obf.  IV.  the  fringes  of  one  colour  were  defleAed  into  the  region  of 
the  next,  and  this  moft  in  the  red,  and  leaft  in  the  violet ;  although  in  both  obfervation^ 
the  violet,  from  the  pofition  of  the  chart,  was  fartheft  from  the  angle,  and  confeqtiently^ 
bad  the  rays  been  equally  defleded,  the  violet  (hould  have  been  fartheft  moved,  and  moJft: 
dilated  by  the  deflexion  :  but,  feeing  that,  at  equal  angles  of  incidence  in  the  third,  and  at 
Icfs  in  the  foufth  Obfetvation,  the  red  was  moft,  and  the  violet  lefs,  dcicGtcd,  it  is  evident 
that  the  moft  iilflexible  rays  are  alfo  moft  deflexible. 

Having  thus  found  that  the  parts  of  light  differ  in  flexibility,  I  wiOied  next  to  learn  two^ 
tilings ;  in  what  proportion  the  angle  of  inflexion  is  to  that  of  deflexion  at  equal  incidences  ^. 
and  fecondly,  what  proportion  the  diflfereht  flexibilities  of  the  difierent  rays  bear  to  one 
another.  But  the  nature  of  the  coloured  fringes  muft  firft  be  underftood ;  fo  that  I  defer 
'  this  enquiry  till  after  I  have  made  ufe  of  the  principles  now  laid  down  for  the  explanatioa 
of  natural  phenomena,  and  proceed  in  the  mean  time  to 

Part   TX.^"^  Riflemen. 

TX^AT  bodies  refleCl  light  by  a  repuMive  power  extending  to  fbme  diftance  from  their 
furfaces,  has  never  been  denied  fince  the  time  of  Sir  Ifaac  Newton  f.    Now  tfaiS'power  ex-* 

^  Optica  Book  iii.  Obf.  %•  f  I^i^*  Book  iii.  Pan  III.  Prop.  %. 
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tends  to  a  diftance  much  greater  than  that  of  apparent  conta£l,  at  which  an  attra£\ion  again 
begins  ftill  at  a  didance^  though  lefs  than  that  at  which  before  there  was  a  repulfion  ;  as 
will  appear  by  the  following  demonflration,  which  occurs  to  me,  and  which  is  general  with 
repeA  to  the  theory  of  Bofcovich*.  In  Fig.  4^  let  the  body  A  have  for  P  an  attrafiion 
which  at  tht  diftance  of  A  P  is  proportional  to  P  M  ;  then  let  P  move  towards  A,  fo  as 
to  come  to  the  fituation  P',  and  let  the  ^tra£Koh  here  be  P^  M^ }  as  it  is  continual  during 
the  motion  of  P  to  P',  M  M'  is  a  curve  line.  Now  in  the  cafe  of  the  attra£):ion  of  bodiel 
for  light,  and  for  one  another,  P  M  is  lefs  than  P^  M' ;  and  confequcntly  M  M' does  not 
-ever  return  into  itfelf,  and  therefore  it  muft  go  ad  infinitum ^  having  its  arc  between  A  B 
and  A  C,  to  which  it  approaches  as  afymptotes,  the  abfcifTa  always  reprefenting  the  dif- 
tance,  and  the  ordinate  the  attradion  at  that  diilance.  Let  P^  now  continue  its  motion  t6 
P^,  and  M'will  move  M"*,  and  if  P"  meets  A,  or  the  bodies  come  into  perfedl  conta£b., 
P^'  M"  will  be  infinite ;  fo  that  the  attraction  being  changed  into  cohefion  will  be  infinite^ 
and  the  bodies  infeparable,  contrary  to  univerfal  experience  -,  fo  that  P  can  never  come 
nearer  to  A  than  a  given  diftance.  In  the  cafe  of  gravity  P  M  is  inverfcly  as  the  fquare  of 
A  P,  fo  that  the  curve  N  M  M'^'  is  the  cubic  hyperbola  5  but  the  demonftrarion  holds,  what- 
ever be  the  proportion  of  the  force  to  the  diftance.  It  appears  then,  (hat  flexion,  refradion^ 
and  reflexion,  are  performed  by  a  force  a£ting  at  a  definite  diftance  %  and  it  is  re^fonable 
to  thijhk  even  a  priori^  that,  as  this  fame  force  in  other  circumftances  is  exerted  to  a  different 
degree  on  the  diflferent  parts  of  light  in  refrafling,  inflefling,  and  defleiEting  them,  it 
jhould  alfo  be  exercifed  with  the  like  variations  in  refle£ling  them.  Let  us  attend  to  the 
proof  which  enables  us  to  change  conjecture  into  convi^ion. 

ObJ*  I*  The  fun  (hining  into  my  darkened  chamber  through  a  fmall  hole  ^'^th  of  an  inch 
in  di^uneter,  I  placed  a  pin  of  ^^th  of  an  inch  diameter  in  the  cone  of  light  (one  half  inch 
from  the  hole)  inclined  to  therays  at  an  angle  of  about  45^  \  and  its  (hadow  was  received 
on  a  chart  parallel  to  it,  at  the  diftance  of  two  feet.  The  fliadow  was  furrounded  by  the 
three  fringes  on  each  fide,difcovered  by  Grimaldo  ;. beyond  thefe  there  were  two  ftreaks  of 
white  light  diverging  from  the  (hadow,  and  mottled  with  bright  colours,  very  irregularly 
fcattered  ^p  and  down  ;  but  on  ufing  another  pin,  whofe  furface  was  well  polifiied,  and 
placing  it  nearer  the  hole  than  before,  the  colour^s  in  the'ftreaks  became  much  brighter 
(and  the  ftr^aks  themfelves  narrower),  being  extended  from  one  fide  to  the  other,  fo.th^t, 
'  except  in  a  very  few  poiqts  here  and  there,,  no  white  was  now  to  be  feen  j  and,  pn  moyiii^ 
the  pin,  the  colours  moved  alfo.  But  they  difappearejd  if  the  pin  was  deprived  of  if  s  px>- 
Jifli  by  being  held  in  the  flame  of  a  candle,  or  if  a  roll  of  paper  was'ufed  ip(icad.of  tljc 
pin  ;  alfo  they  were  much  brighter  ijn  dire£l  than  ^ly  refle£ted  light,  and  in  the  ^igbt  o£  x^t 
fun  at  the  focus  of  a  lens,  th^  in  his  (tire£b  unrefrafied  light.  Placing  a  piece  of  papf r 
xoxxnA  the  hole  in  the  window^fhut,  I  obferved  the  colours  continued  ther.e  ;  and  in(^ning 
the  chart  to  the  point  where  they  left  ^fl^,  I  faw  the^m  continued  on  it  and  then  proceed 
as  before  to  the  (hadow.  If  the  pin  was  held  horizontally,  or  nearly  fo,  they  were  (ben  of 
a  great  (ize  on  the  floor  the  walls  and  roof  of  the  room,  forming  a  large  circle ;  and  if  the 
chart  was  laid  horizontally,  and  the  pin  held  between  the  hole  and  its  in  a  i^crtical  pff^tJA^t 
the  circle  ^as  feen  on  t^Q  phart,  andbeqame  an  oval  by  inclining  the  pin  a  little,  to  tbeho- 

ri;£on. 
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Ohf.  11.  Having  produced  a  clear  ftt  of  colours,  as  in  the  lafl.  Obfervation,  I  viewed  them 
as  attentively  as  poIEble,  and  found  that  they  were  divided  into  fcts,  fomctimes  feparated 
by  a  gleam  of  white  light,  fometimes  by  a  line  of  fhadow,  and  fometimes  contiguous,  or 
even  running  a  little  into  one  another.  .They  were  fpeftra  or  images  of  the  fun,  for  they 
varied  with  the  luminous  body  by  whofc  rays  they  were  formed,  and  with  the  fize  of  the 
beam  in  which  the  pin  was  held  ;  and  whc»  by  placing  it  between  my  eye  and  the  candle 
a  little  to  one  fide  I  let  the  colours  fall  on  my  retina,  I  plainly  faw  that  they  rcfembled 
the  candle  in  fhape  and  fize  (though  a  little  didended),  and  alfo  in  motion,  (ince,  if  the 
flame  was  blown  upon,  they  had  the  like  agitation.  The  colours,  therefore,  which  fell  oo 
the  chart  were  images  of  the  fun  :  they  had  parallel  fides  pretty  di(lin£kly  defined,  but  the 
ends  were  confufed  and'femicircular,  like  thofe  of  the  prifmatic  fpe£lrum.  Like  it,  too, 
they  were  oblong,  and  in  fome  the  length  exceeded  the  breadth  fix,  even  eight,  times.  The 
breadth  was,  as  I  found  by  meafurement,  exa£lly  equal  to  that  of  the  fun's  image  received 
on  a  chart  as  far  from  the  pin  as  the  image  was,  and  the  length  was  always  to  the  breadth 
at  all  didances  in  the  fame  ratio,  but  not  in  all  poCtions  of  the  pin  }for,  if  it  was  moved  on 
its  axis,  the  images  moved  towards  the  fliadow  on  one  fide,  and  from  it  on  the  other,  be- 
coming longer  and  longer  (the  breadth  remaining  the  fame)  the  nearer  they  came  to  the 
(hadow  on  the  one  fide,  and  (horter  in  the  fame  proportion  the  farther  they  >yent  from  it 
on  the  other. 

Obf,  III.  Having  picked  out  an  image  that  appeared  very  bright  and  well  defined,  I  lel.it 
through  a  hole  with  moveable  fides  in  the  upper  part  of  a  fort  of  deik,  which  moved  to  any 
opening  by  hinges,  and  had  a  chart  for  its  under  fide,  on  which  the  Image  fell,  and  I  fliut 
the  hole  fo  clofe  as  to  prevent  any  of  the  others  from  coming  through.     I  tlien  had  a  full 
opportunity  of  examining  it  in  all  refpe£ts,  and  1  counted  in  it  di(lin£lly  ther  fcven  prifma- 
tic colours  ;  the  red  was  fartheft  from  the  ihadow  of  the  pin,  and  from  the  pin  itfelf ; 
then  the  orange  ;  then  the  yellow,  green,  blue,  and  indigo ;  and  the  violet  neareft  of  all : 
in  fliort,  it  was  exa£bly  fimilar  to  a  prifmatic  fpe£trum  much  diminiflied  in  length  and 
breadth,  and  turned  horizontally  on  the  wall  oppofite  to  the  prifm,  writh  the  red  fartheft 
away.     In  figure  5,  /  ^  is  the  pin  refleAing  the  rays  C  P  and  C  O,  which  pafs  through  P  O 
the  hole  in  the  deik  E  D,  to  the  chart  or  bottom  of  the  defk  R  T  S  D ;  and  from  there  the 
fpe£irum  I K  divided  inta  its  colours,  I  being  violet,  and  K  red.  On  moving  the  hole  in  the 
deflcy  and  letting  through  other  images,  the  colours  were  not  in  all  arranged  the  fame  way: 
but  I  moved  the  pin  on  its  axis,  and  obferved  thofe  where  the  order  was  inverted,  to  move^ 
not  only  with  refpefl  to  the  pin,  but  alfo  with  refpe£t  to  the  contiguous  images  ;  and  I  was 
furprifed  to  fee  them  afiiime  the  order  of  colours  firft  mentioned,  namely  the  red  outer- 
moft,  and  the  violet  innermoft.     In  like  manner,  the  images  which  before  the  motion 
were  regular,  on  moving  into  the  places  left  by  the  others  had  always  the  order  of  their 
colodrs  inverted,  fo  that  the  thing  mud  be  owing  to  fome  irregularities  in  the  pin's  fur- 
face  ;  for  thofe  which  were  made  by  a  fmall  glafs  tube  filled  with  quickfilver,  and  freed 
from  fcratches  by  a  blow-pipe,  preferved  during  the  motion  the  proper  order  of  colours. 
Another  irregularity  in  the  arrangement  was  alfo  obfervable  even  in  the  glafs  tube ;  for  two 
contiguous  images,  by  mixing  one  with  another  for  two  or  three  fpcceflions,  appeared  each 
to  have  outermoft  a  doll  colour  between  red  and  violet,  and  innermoft  a  green :  but  here 

unlefs 
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unlcfs  the  fucccflion  continued  through  all  the  imagesi  the  outermoft  of  all  was  redj  and 
the  inncrmoft  image  had  univerfally  violet  in  the  infide. 

Ohf.  IV  I  placed  at  a  hole  in  the  window^fliut  a  prifm  to  rcfrafl,  the  rays,  and  received 
the  fpeflrum  at  the  diilance  of  fix  feet  from  the  window  on  a  chart  •,  then  at  the  diflancc 
of  two  feet  I  placed  a  fcreen  with  a  hole  in  the  middle  of  it,  ihrcjugh  which  I  let  paf s  fuc- 
ceffively  the  different  rays.  At  the  diftance  of  one  inch  from  the  hole,  between  it  and  the 
chart,  I  placed  the  reflefting cylindrical  body;  the  images  were  found  on  the  chart  and 
walls  of  the  room  round  to  the  fides  of  the  hole  on  the  fcreen,  and  were  always  wholly 
of  the  colour  in  which  they  were  formed,  except  in  the  confines  of  the  green,  where  a 
fmall  quantity  of  white  light  fell,  and  made  them  of  all  the  feven  colours  ;  but  this  was 
almoft  wholly  prevented  by  ufing  a  prifm  with  a  greater  refrafting  angle,  and  holding  the  pin 
and  fcreen  farther  from  it.  I  then  removed  the  fcreen,  and  left  the  refleftor  in  its  place,  (b 
as  it  might  reach  through  the'  rays;  and  thus  there  were  formed  images  having  in  theih^ 
from  top  to  bottomj^  the  feven  colours,  one  after  another,  the  lowed  divifion  being  red,  the 
higheft  violet.  They  were  inclined  confiderably  towards  their  tops,  and  were  much 
broader  at  the  bottom  or  red  parts  than  at  the  tops  or  violet  parts.  And  laftly,  the 
refleftor  being  moved  fd  that  the  images  might  be  difturbed  (as  in  the  former  experiment 
made  ih  the  white  light),  the  red  was  moll,  the  violet  leaft  dilated.  In  cafe  thefe  effefls 
might  be  owing  to  any  peculiarities  in  the  (hape  or  pofition  of,thc  reffeftor,  I  pl'afcefd  at  three 
feet  from  the  prifm  a  lens  of  four  inches  breadth,,  to  collefl  the  rays  to  a  focui,  fir  feet  be^ 
yond  which  1  held  a  chart,  aiiA  there  received  the  fpeArum  iDvcrted,'the  red  being  uppep- 
moft,  and  the  violet  undernjpft  ;  holding  the  rcfleflor  at  two  feet  from  the  focus  and  four 
from  the  chart,  the  images  were  formed  juft  as  before,  only  inverted,  inclining  towards  thc^ 
violet,  of  greater  breadth  towards  the  red,^  and  more  difttfnded  towards  the  Ikme  quartet 
when  the  refleflor  ^as  rtitytiJ  -'^    ^ 

Off.  V. 'Things  remaining  as  in  the  laft  part  of  the  laft  Experiment;  at  the  fo«iirt>f  the 
lens  I  placed  a  fecond  prifm,  which  refra£ted  the  rays  into  a  white  beam  *,  and  this  I  re^ 
ceived  on  a  fcreen  with' a  hole  in  the  middle,  through  which  a  fmall  part  of  it  pafied,  and 
falling  on  the  refleflor  phccd  behind  was  formed  by  it  into  images  after  the  manner  of  the 
firft  Experiment,  each  having  in  regular  drdcr  the  feven  prifmatic  colburs.  One  of  the 
brighteft  and  moft  diftinfl  I  let  pafs  through  a  hole  in  the  fecond  fcreen,  Sind  it  fell  on  the 
ehart.  I  then  datifed  an  affiftant  to  intercept  the  red  rays  between  the  firft  prifm  and  the 
kns,  and  immediately  the  red  part  of  the  image  vaniflied ;  and  when  the  violet  was  infers 
cepted,  the  violet  of  the  image  vaniflied ;  and  if  the  green  was  intercepted',  the  green  was. 
wanting  in  the  image^.  In  fliort,  whatever  colours  were  ftopped,  the  fame  were  miffing 
in  the  image.  In  Fig.  6.  the  rays  paOing  through  the  hole  C  of  the  window,  A  B  are  re<> 
framed  by  the  prifm  P  M  N,  and  feparated  into  D  V,  D  G,  and  D  R,  violet,  green  and  red^ 
which,  being  collefted  into  a  focus  F  by  the  lens  L,  are  there  again  refra£fced  by  a  prifm 
P'  M'N',  and  formed  itito  a  white  beam  t  b  m  n,  part  of  which  is  intercepted  by  the  fcreeni 
8  S',  and  part  pafta  througk  the^ole  h,  as  h  H'  to  H  on  the  chart  X  Y  Z  W,  and  part  is 
refle£ted  by  the  body  0  q  into  a  fet  'o^  images  which  are  received  on  a  fcreen  T  U,  and  one 
of  thekn>  r  g  v^  let  pafs  to  W  XT  Z ;  but  when  an  obftacle  E  ftops  D  R|  r  the  red  V»» 

*  Optics,  Bodkii.'  Pan  XL  Prop.  2. 
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nifiies  ;  and  if  D  G  be  (topped,  g  the  green  vanifhes  \  and  if  D  V  be  ftoppedj  v  difappears. 
Ladly,  if  D  R  and  D  G  be  (lopped,  g  and  r  vani(h. 

ObJ.  VL  Having,  produced  a  fet  of  bright  images,  I  let  one  pafs  through  the  dedc  defci[ibed 
in  the  third  Experiment,  and  received  it  on  a  fmall  lens  \  inch  broad  to  coUe£):  the  rays  into 
a  focus,  which  I  received  on  the  chart  by  moving  it  a  little  on  its  hinge  ;  and  by  all  the  ob« 
fervations  I  could  make,  and  all  the  tefts  I  could  think  of,  it  was  white  inclining  to  yellow, 
and  of  the  fame  nature  and  conftitution  witli  the  fun's  iSxtO,  light :  but  if  any^ray  was 
Hopped  before  coming  tc^  the  lens,  the  focus  was  a  nuxture  of  the  remaining  rays  \  and  the 
chart  being  moved  a  little  farther  round,  the  image  was  formed  on  it,  the  colours  being  in 
an  inverted  order.  At  the  focui  1  held  a  refleftor,  and  tliere  were  formed  images  of  all 
the  feven  colours,  as  in  the  fun's  dtre£k  light  (Exp.  !•)  \\i  the  light  was  fufficiently  ftrong, 
and  the  deik  near  the  window-(hut  hole,  one  of  thefe  could  even  be  coUedted  by  a  fecond 
lens  into  a  white  focus.  This  experiment  is  rendered  mo|rf  uniform  by  fubftituting  for.the 
lens  a  concave  metallic  mirror,  and  placing  at  the  focus  another  mirror  to  reduce  the  rays 
into  a  beam  which  may  be  made  of  any  compofition  we  pleafe  by  (lopping  one  or  more  of 
the  colours  at  the  hole  in  the  de(k.  I  6bfer\'ed  in  the  courfe  of  thefe  experiments  a  phe* 
nomenon  worth  mentioning;  if  a  comb  (as  in  Newton's  experiment*)  be  very  fwiftly 
moved  before  one  of  the  images  or  more,  a  fenfatioti  of  white  is  produced:  but  this  is  (liU 
more  evident  if  the  pin  be  fwiftly  moved  round  its  axis  \  for  then  the  images  move  alfo, 
and,  running  into  one  another,  caufe  a  fenfation  of  perfe£l  whitene(8. 

OhJ.  VII.  I  let  an  image  through  the  hole  in  the  de(k,  and  viewed  it  through  a  glafs  prifm, 
holding  its  axis  parallel  to  the  fides  of  the  image,  and  its  refraSing  angle  upwards.  I 
found  that  if  the  image  was  bright,  and  free  from  white  light,  the  colours  were  not 
changed  by  the  rcfra£lion  \  but  if  it  was  mixed  and  diluted  with  white,  the  prifm,  decom- 
pounding the  white,  caufed  the  inaage  to  appear  violet  at  one  (ide,  and  red  at  the  other ; 
yet  ftill  this  only  confufcd  the  colours  of  the  image  without  changing  them.  Farther,  if 
the  prifm  was  moved  on  its  axis,  the  violet  was  lifted  higher  than  the  red  or  any  of  the 
other  colours*  Nor  was  the  con(litution  of  the  colours  at  all  changed  by  reflexion  from  % 
pin  or  mirror,  except  in  fo  far  as  they  were  mixed  by  a  concave  one,  as  mentioned  in  the 
laft  experiment.  If  a  pin  was  held  behind  the  hole  to  reflcA  the  colours,  it  formed  other 
images  of  the  colour  in  which  it  was  held,  and  as  far  as  I  could  judge  threw  the  red  to 
tbe  greateft  didance  and  breadth  and  inclination.  Nor  were  the  colouvs  ofthe  imag« 
changed  by  reflexion  from  natural  bodies,  for  thefe  were  all  of  the  colours  in  which,  they 
were  held,  but  brightcft  in  that  which  they  were  difpofed  to  reflefl  moil  copbufly.  ■  Like* 
wife  the  rings  of  colour  made  by  thin  plates  were  broaded  in  the  red,  and  narroweft  in  the 
vjiolet  \  and  the  like  happened  to  the  fringes  that  furround  the  (hadows  of  bodies.  Laftly, 
the  (hadows  of  bodies  were  themfelres  broadeft  in  the  violet,  and  narrowed  in  the  red. 

Ohf.  VIIL  I  filled  with,  water  a  gU(s  tube,  whofe  diameter  ^as  ^  of  an  inch,  and  confe* 

quently  the  radius  of  curvature  -j-th,  and  whofe. (ides  were  ^th  of  an  inch  thick;  then 

_  Handing  at  four  feet  from  a  candle  I  held  the  tube  ^th-of  an  inch  from  my  qre,^fo  that  the 

light  of  the  candle  might  be  refraded  through  it,  and  moved  my  eyeriids  clofe  enough  to 

j^erent  the  .extraneous  fcattered  light  from  entering  .aloi^  wirfa  that- which  was  r^ularly 

•  Optics,  Book  i.  Part  II,  Prop.  5. 
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feTrajOxad.  liaw  -fev^nd  imiiges  ef  the  ciwdh^  ullfhlgMf  noJjottrii^jimd  Ae  ccJovre  vere,  in 
order  from  the  eandle  outwordst  fed»  otange^aiifl  f<»aa^to  vtelet. J  then  fiUod  tbeitubesrUh 
clear  dihiced'  fu^hnric  ftci<  and  dropped  a  fmali  piece  of  chnlk  to  the  boctdm,  when  iatmcw 
diately  an  offenrefccnce  took  :place  ty  the  efcape  of  fixed  air,  which  tofe  in  bvbbles  ibrough 
the  tube  ;  and  looking  at  dte  candle  through- tme  of  thcTe,  I  jTur/  the  dmages  focmed  with 
ti^e  colours  flill  m  the  fame  order»  but  a  ltt4le  larger  than  before. 

We  are  now  to  fee  to  what  concluCons  thefe  experiments  lead  us.    The  firft  .cxpe|t^nH»i.C 
ihewsythat  all:  foct^  iif  lights  whether  d«re6l  -or  rcgle^ed  pr  -refrafked,  produce  e^kNuralby 
seflexton  from  a  curve  furfeoe.    iFrom  the  fcHSond  ymc  leara  ^bat  thefe  coloiira  are  diiltA^^ 
nnages  or  fpe&ra  of  the  luminotts  bodj;,  much  dilated  in  Je«gth»  but  noit  at  idl  in  bmadnh^' 
and  that  the  angle  of  incidence  being  changed,  the  dilfitation  of  ihe  images  is  alfo  changed  ^ 
and  from  the  third  experiment  it  appears,  that  each  full  image  is  compofed  of  Coiven  co«  ' 
Iburs>  red,  orange,  yellow,  gteen,  blue,  indigo,  and  viplet^i  andiihat  the  proper  order.it  rod 
ovtermoft,  and  violet  innermoft,  the  reft  being  in  their  otdtn*.     I'he  icnictb  cxpcrimNit 
fliews,  that  .thefe  Images  are  produced,  itol  by  anyaQeidto|lt^.1>r:new,lllodtfio>tk)n.i<np]|[f0ed- 
•n  the  lays^  but  by  the  white  lighc  being^decoitp/aAd-hiy  nrflexiioA.;  that  the  loeail  rmf^riog' 
thofe  at  the  confine  of  the  green  and  blue,  are  reile£ked  at  an  angle  equal- to^tkat  .of  iiici««- 
dence,  and  the  red  at  a  lefs,  the  violet  at  a^reater  mfit.    £Kperiflie»t8  )«h  and  6ri)  pviaie»: 
beyond  a.doubt,  th^decompofition  and  fepavatioa  of  the  caya  -bf  veiexion  ;   for  in  brd^  wc- 
fee  that  the  colouirs  in  the  imag9t;arerthf)fe»  and  ihofe  /only^whidi  were.mizod'fn  ihe^nlf  liy 
veflexion  or  Tefea£2iott.  before  and  >at  incidence^  whilft  ijbe  4tb.b   (in  aiUition):^  tprooifrihi^ 
all  the  rays  of  any  one  tmage,  if  tniaed  together^.  CompMad  a  beam  esa£Uy  ftnilar  tt»afao 
beam  that  was  at  ftrft  decompounded.    The  fevcntk  jeiq)bii«c|tt  ihewf »  tfaac  Ae  cokom 
into  which  dlie  nqr^  ^ve  feparated  by-reflexion  are  homogcoeoi^and  unchangeable  (that  fhs]^ 
differ'in'Aexifaility  and  oefrao^bHityi^^tliat  they  bear  diei£une,psnrt  in  forming  images  tf 
idfeailon,  and  friqgesjby  flexion^  and  QoUnirsfrom  thin  :pfatns,i»iudi  the  raye  fepgratediiy 
Iheprithido.    And  in  the  8di: experiment  we  iee»  that  when  die  rays  are  f4aced  in 'the 
fame  fivoation  wuik  ce^efi  to  refiadion^  svbethcr  out  of  a  rarer  into  a  denfer,  or  aideidr 
into  a  rarer  medinm,  in  which  they  before  were  with  refped  to  reflexion,  the  pofiiionaC 
Ae  colours  producod  is  diametrically  bppofite  in  the  two  cailes.  .  Seeing^  then,  that  in  all 
Ibrtaof  li^t,  direft,  rdfra£%^,  cefleded,  fiinple  and  homQgeneooe  or  heterogeneous, ^sM 
eompounded,  and  in  whatever,  wayi  the  reparation  and  aMxture  may  >  have  been  "made/^ioHM 
of  the  raysi  at  equdor  the  faaM  inoidenees,  are  conftanflfveAeOxd  nearer  the -perpefvdieu^ 
hr  than  the  mean  rays,  ^nd  others  not4b  near }    and  feeing  that  by  fuch  reflexion  tlie  com* 
pound  ray  of  whatever  kind  is  feparated  into -parts  fo  £mple  that  Acy  can  never  more  be 
changed  i  and  confidering  the  difierent  pl^es  to  which  thefe  parts  are  refled^d ;  it  is^eVi* 
dent,  that  the  fun's  light  tonfiftsof  parts  difierent  in  rcSexibtEty,  and  that  thofe  vi^icb  are 
leaft  refrangible  are  moft  reflexible.    *By  reflexibiKty.IJiere  mean  a  di'^ofition  tobef  re-« 
flexed  near  to  the  perpendicular 'in  any  HegTce. 

Although  I  have  given  what  I  take  to  be   fufficient  proof  of  this  property  of  light,'  yet" 
I  am'  aware  that  femething  more  is  reqnifite.    Irwil)  be  afted,  ;whydoes'  netdier  a  plane,  a 
common  convex,  nor  a  comifoen  ooncaive  mirror  'feparate  the  ^rayis'by  reflexion^   'Tbift  ii 
what  has  always  hindered  us  from  even  fu^pe£lfng*fiich  a  ^ng  «s  difii^rent  refltxitnlity.  "I 
fhall^  however,  tike  an  -qiportttnitf  of  jemti^*thiiK)bAMle  in  Ae^fecond-parta^f  ^e  plan^ 

•  when 
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when  I  come  to  explain  the  reafon  of  the  colours  made  by  the  refle£ling.bo(l7,  and  the 
manner  of  their  formation.  At  prefent  I  (hall  only  caution  thofe  who  may  wifli  to  repeat 
the  above  experiments,  that  the  hole  in  the  window-fliut  muft  be  fmall,  the  room  quite* 
dark,  the  pin  well  poliflied,  and  the  deflc,  chart,  &c.  placed  at  a  diftance  from  the  pin  not 
greater  than  three  feet,  otherwife  the  images  will  be  dilute  and  dim ;  nor,  on  the  other 
hand,  lefs  than  fix  inches,  otherwife  they  will  be  too  (hortj  and  the  colours  not  far  enough 
feparated  one  from  another. 

Mynextobjed  of  enquiry  was  the  different  degrees  of  reflexibility  belonging  to  each 
ray.  It  appears,  not  only  from  mathematical  confiderations  fufficiently  obvious,  but  alfo 
from  the  experiments  I  have  related,  that  though  the  different  rays  Ikivc,  at  theiame  or 
equal  incidences,  different  angles  of  reflexion,  yet  each  ray  is  conftant  to  itfelf  in  degree 
of  reflexibility,  and  that  its  fine  of  reflexion  bears  always  the  fame  ratio  to  its  fine  of  inci- 
dence. The  queflion  then  is,  what  are  the  fines  of  reflexion  of  the  difierent  rays,  the 
fine  of  incidence  being  the  fame  to  all  ? 

Obf.  IX.  In  fummer,  at  noon,  when  the  fun's  light  was  exceedingly  flrong,  and  there 
was  not  theveftige  of  a  cloud  in  the  (ky,  I  produced  an  uncommonly  fine  fet  of  images 
by  fixing,  at  an  inch  from  the  fmall  hole  f^th  of  an  inch  diameter,  a  pin  ^th  of  an  inch 
diameter.  One  of  the  brighteft  of  thefe  I  let  pafs  through  the  defk  to  the  chart  below  at 
fij*  feet  from  the  pin,  and  the  image  was  three  inches  from  the  fliadbw,  in  a  ftraight  line. 
I  ddineated  it  carefully  by  drawing  two  parallel  lines  for  the  fides,  and  marking  the  femi* 
eircular  ends.  Then  with  the  point  of  a  fmall  needle  I  marked  the  confines  of  the  conti- 
guous colours  on  one  of  the  parallel  fides,  and  aftei^wards  drew  acrofs  the  image  parallel 
lines.  This  operation  I  repeated  with  the  fame  and  difllerent  images  at  many  diftances  from 
the  pin,  and  on  different  days, -with  various  forts  of  pins  and  fizes  of  holes,  &c.  &c.  and 
all  thefe  repetitions  were  made  before  I  once  examined  the  refult  of  any  one  meafurement, 
that  I  might  be  unprejudiced  in  trying  the  thing  over  again.  I  then  compared  the  iketches 
of  divided  images  which  1  thus  obtained,  and  found  fufEcient  reafon  to  conclude,  that  the 
differences  between  the  fines  of  reflexion  in  th«  difierent  rays  vfctz  in  the  harmonical  or- 
der. For  the  divifions  were  nearly  as  -^  ^,  -r«  -rri  tt>  A*  tt>  which,  when  compound* 
ed  with  the  fcale,  gave  if  44»  -i^>  |>  Tt  t>  4t»  f  >  atnd  thefe  are  exa£lly  the  change  of  the 
notes  in  an  oAave,  obtained  by  taking  the  fums  of  the  od^ave,  and. a  fecond  major,  a  third 
najor,  a  fourth,  a  fifth^.  a  fixth  major,  a  feventh  major,  and  an  eighth,  inftead  of  the 
difllerence  between  a  double  odave  and  a  fecond  major,  a  third  major,  and  fo  .on.  Thus 
the  fpe£lrum  by  reflexion  is  divided  exaflly  as  the  fpedrum  by  refradion,  only  that  the 
former  is  inverted,  and  the  diflFcrcnt  rays  have  jeflexibilities,  that  arc  inverfely  ;is  their  rc- 
frangibilities.  Having  fettled  this  (I  flatter  myfelf)  curious  and  important  point,  I  pro- 
ceeded next  to  enquire  into  the  abfolute  reflexibility  of  the  extreme  colours }  for  if  this  be 
known,  the  angle  of  incidence  being  given,  the  angle  of  reflexion  of  all  the  difl!erent  rays 
may  be  found.  For  obtaining  a  folution  of  this  problem  I  made  the  following  experi- 
ment : 

Obf.  X.  The.iun  flilning  ftrongly  through  the  finall  hole. in  the  wio4ow-{hut,  and  the 
rays  diverging  into  a  cone  whofe  bafe  fell  on  an  horizontal  chart  a  J  feet  from  the  hole,  be- 
tween the  hole  and  chart  I  pla^ced  a  fcreen  which  had  a  plgte  and  fmall  ,holc  in  it.  The 
rays  pailiog  through  this  fell  on  a  fpoall  pin,  fo  placed  that  the  images  formed  might 
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be  at  right  angles  to  the  (hadow ;  one  of  thefe  I  meaftired  together  with  its  diftanee  from 
the  fliadow,  the  diftanee  of  the  (hadow  from  the  hole^  the  breadth  of  the  (hadow,  and  the 
diameter  of  the  pin  :   thefe  mcafures  were  as  follows.    In  fig.  7^  C  is  the  centre,  and  B  ^  it 
the  circumference  of  the  pin,  G  M  the  chart,  and  G  D  a  line  in  it,  being  the  axis  of  all  the 
imageS)  at  right  angles  to  C  D,  the  diftanee  of  C  froxp  D  the  centre  of  the  (hadow,  and  al- 
fo  to  the  (hadow  itfelf ;   G  £  is  the  parallel  Gde  of  the  image,  G  being  red,  E  violet,  and  F 
the  confine  of  the  green  and  blue.    Qe  is  a  radius  parallel  to  £  D,  and  C  A  another  drawn 
through  B,  the  point  where  O  B  is  incident  at  the  angle  O  B.  A,  to  which  (by  what  was  be- 
fore (hown)  AB  F  Is  equal.     By  meafurement  GE  is  Jth  of  an  inch,  CB  •gi^th,*CD  :^\\ 
now  the  (hadow  being  leflened  by  a  penumbra,  this  added  to  half  the  (hadow,  and  their  fum 
to  the  diftanee  between  the  penumbra  and  the  violet,  gave  ED  ^-Jths  of  an  inch.     From 
whence  it  is  eafy  to  calculate,  that  the  angle  of  incidence  being  77^  2o\  the  angle  of  the 
red's  refleftion  ABG  is  75^  50' and  that  of  the  violets  78°  51'.     Now  the  natural  fines 
of  770  20',  75®  50',  and  78*^  51',  are  as  9756,  9695,  and  981 1  5  or  as  250,  248,  and  251, 
which  are  very  nearly  as  77!,  77>  and  78;  and  making  an  allowance  for  the  omiifion^ 
made  in  the  redudions,  the  errors  in  the  operations  and  meafurements,  they  may  be  ac- 
counted as  accurately  in  the  above  proportion.    Now  their  extremes  77  and   78  are  the 
very  proportions  of  the  red's  refrangibility  tothe  violet's  ^.  So  that  the  reflexibility  of  the 
red  is  to  th^t  of  the  violets  as  the  refrangibilities  inverfely.     But  it  is  obvious  that  the  fine 
of  incidence  is  not  the  fame  in  the  two  cafes  i  for  in  the  one  it  is  equal  to  that  of  the  mean 
rays  refiefiion  ;  while  in  the  other  none  of  the  rays  are  refraded  at  an  angle  equal  to  th^t 
of  incidence,  otherwife  they  would  not  be  refracted  at  all.    This,  however,  being  a  confe- 
quence  of  the  efifential  diftia£lion  in  the  circumftances,  does  not  impair  the  beautiful  ana- 
logy which  we  have  feen  is  preferved  in  the  two. operations j  and  which  proves  them  to  be 
dififerent  exertions  of  the  fame  power.    Now  we  may  find,  from  the  data  obtained,  the  fines 
of  all  the  rays  in  the  fpe£lrum  by  adding  to  77,  the  lengths  of  the  fpaces  into  which  it  is 
divided,  and  which  are,  without  any  fehfible  error,  as  the  differences  of  thofe  fines.     The 
fines  of  the  red  will  be  froin  77  to  77} ;  the  orange  from  77I  to  77^ ;  the  yellow  from  77,.^ 
to  77y ;  the  green  from  77}-  to  774^ ;  the  blue  from  77-^  to  77 j ;  the  indigo  from  77]^  to 
77  J;  the  violet  from  77  J  to  78.    So  that,  the  fine  of  incidence  being  given,  that  of  the  re- 
flexion of  all  the  different  rays  may  be  found ;  and  the  angle  of  incidence  being  50^  48^,  the 
angles  of  reflexion  are  as  follows  :  Of  the  extxpme  red  50©  21 ';  of  the  orange  500  27^;  of 
the  yellow  50®  32'i  of  the  green  50®  39^5  of  the  blue  50®  1|8'}  of  the  indigo  50**  57';  of 
the  violet  51*^  3';  and  of  the  extrenie  violet  51®  15'. 

I  (hall  conclude  this  part  of  the  fubje£t  with  a  few  remarks  on  the  phyfical  caufe  of  re^ 
flexibility.  As  light  is  refleAed  by  a  power  extending  to  fome  diftanee  from  the  reflecting 
furface,  the  difl^erent  reflexibility  of  its  parts  arifes  from  a  conftitutional  difpofition  of  thefo 
to  be  aAed  upon  diflFerently  by  the  power.  And  as  thefe  parts  are  of  dififerent  fizes,  thofe 
which  are  largeft  will  be  a&ed  upon  moft  flrongly.  I  (ball  not  hefitate  to  go  a  ftep  farther. 
In  fig.  8,  let  EC  be  the  refle£ting  furface,  DH  the  perpendiculari  and  AB  a  ray  incident 
at  B,  and  produced  to  F»  and  refleAed  into  GB;  draw  GH  parallel  to  FB:*  and  GF  to  HB^ 
then  HB :  (HG :) :  BF : :  fin.  HGB  :  fin.  HBG  or  : :  fin.  GBF  :  fin.  H6Q,    But  GBF  ia 
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the  fupplcmcnt  of  GBA,  the  fum  of  the  angles  of  reflexion  and  incidenee  (  wherefore  HB  r 
BF  : :  the  fine  of  the  fum  of  the  angles  of  reflexion  and  incidence,  to  the  fine  of  the  angle 
of  reflexion ;  fo  that  if  I  be  the  angle  of  incidence,  R  that  of  reflexion,  V  the  velocity  of 

V  5f  fin   TR  -4-  I^ 

light,  and  F  the  refleding  force  j  F  = g^i_ILJ.    By  accommodating  this  formula 

to  the  different  cafes,  we  obtain  F  in  all  the  rays ;  and   the  ratio  of  F  in  one  fet  to 

F  in  another  being  required,  we  have  (by  (triking  out  V,  which  is  conftant)  F  :  F^ :: 

fm.  (R  +  I)      fin.  (R'  4-  r)      o         r  u  i  t.      j  t./  •     .l         ,        . 

— j^-^ —  :   — ^^  ^j    \    Suppofe  we  would  know  F  and  F^  m  the  red  and  violet  re- 

fpeaivcly;  1=500  48^-R=soo  21',  and  R'=5i«>  15^5  thenF :  F'::  ^llliSll^'.  fin:ioaV 
*^  fin.5o'>ai'*fin.5|0,^/ 

Performing  the  divifion  in  each  by  logarithms,  and  finding  the  natural  fines  correfpondincr 
to  the  quotients ;  F  :  F' : :  1275  :  1253,  But  the  force  exerted  on  the  red  is  to  that  ex- 
erted  on  the  violet  as  the  fize  of  the  red  to  the  fize  of  the  violet  (by  hypothefis) ;  therefore 
the  red  particles  are  to  the  violet  as  1275  to  1253.  '^^^  ™^y  ^  extended  to  all  the  other 
colours  by  fimilar  calculations;,  their  fizcs  lying  between  1275  and  1253,  which  are  the 
extreme  red  and  extreme  violet ;  thus  the  red  will  be  from  1275  *^  '27215  the  orange 
from  1272-!-  to  1270;  the  yellow  from  1270  to  1267;  the  green  from  1267  ^o  1^64;  the 
blue  from  1264  to  1260;  the  indigo  from  1260  to  12585  and  the  violet  from  1258  to 

"53- 

All  this  follows  mathematically,  on  the  fuppofition  that  the  parts  of  light  are  a£led  upon 

in  proportion  to  their  fizes :  and  to  fay  the  truth,  I  fee  no  other  proportion  in  which  wc 

can  reafonably  fuppofe  them  to  be  influenced  ;  for  fuch  an  a£bion  is  not  only  conformable 

to  the  univerfal  laws  of  attraAion  and  repulfion,  but  alfo  to  the  following  arguments.   If 

the  aftion  be  not  in  the  fimple  ratio,  it  muft  either  be  in  a  lower  or  in  a  higher.    Let  it  be 

in  a  lower,  as  that  of  the  fquare  root,  then  the  fize  of  the  red  would  be  to  the  fize  of  tho 

violet  ias  the  fquares  of  the  forces;  that  is,  as  1625625  to  1572009:  a  difference  evidently 

too  great ;   and  h  fortiori  of  the  cube  or  any  other  root.     On  the  other  hand,  if  the  aflion 

were  in  a  higher  ratio,  as  that  of  the  fquare,  then  the  particles  would  be  as  die  fquare  roots 

of  the  forces,  or  nearly  as  35.70  to  35.39,  a  difference  evidently  too  fmall;  for  if  the  fize 

of  the  red  particles  were  only  i^ths  the  greater  than  that  of  the  violet,  and  the  velocity  of 

both  were  equal,  the  momentum  and  confequently  the  intenfity  of  the  red  could  not  fo 

much  exceed  that  of  the  violet  as  we  find  it  does;  and  as  feems  to  me  to  be  proved  by  the 

experiment  of  Buflfon  (on  accidental  colours),  who  found,  that  after  looking  at  a  white  o\M6t 

when  he  (hut  his  eyes,  it  firft  became  violet,  then  blue  or  a  mixture  of  blue  and  the  other 

colours,  and  lad  of  all  red :   fo  in  the  impreffion  of  the  white,  compounded  of  the  impref- 

fions  of  all  the  other  rays  mixed  together,  the  violet  was  firfl  obliterated  or  weakeft  and  the 

red  lad  or  ftrongeft.    To  this  reafoning  on  the  intenfity  of  the  particles  as  owing  to  their 

fize,  I  fee  only  twto  objeflions  that  can  be  made.  The  one  is,  that  the  intenfity  is  increafed 

when  the  rays  are  thrown  into  a  focus :  but  we  muft  recollcft,  that  the  rays  in  this  cafe  are 

mixed,  and  thtir  particles  fo  blended  as  to  be  increafed  in  fize ;  for  the  number  of  feparate 

rays  thrown  into  one  place  will  not  increafe  their  intenfity  fenfibly.     The  other  objeftion 

is  that  paflagc  in  Newton,  where  he  fays,  "  that  the  orange  and  yellow  are  the  aioft  lumi- 
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nous  of  all  the  colovrt,  afie£Hng  the  fenfes  mod  ftronglj  *•"  NoW|  beCdes  that  this  is 
an  aflertion  oppofed  by  the  pofitive  ezperitnent  jaft  now  quoted,  I  think  an  anfwer  may  be 
thus  made  to  it :  The  white  light,  from  which  the  fpe^rum  is  never  frc^e,  which  inclbes  to 
yellow,  and  which  is  compofed  alfo-of  red,  abounds  in  the  yellow  and  orange  of  the  fpec« 
trum  *,  fo  that  both  of  thefe  colours  derive  their  fuperior  luftre  rather  than  intenGty  from 
this  circumftance  5  or,  if  they  have  any  degree  of  the  latter  more  than  the  red,  it  is  in  fadl 
owing  to  their  mixture  with  the  red  and  the  other  rays  which  are  all  in  the  white. 

[?•  be  eontinuedA        h   c   c  a 
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An  Account  of  the  Manner  in  nvhich  Heat  is  propagated  in  Fluids^  and  its  general  Csnfequetices 
in  tie  Economy  of  tie  Univer/e.     By  BENJAMIN  Count  cf  RuMFORD. 
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N  order  to  afeertain  the  aflion  of  water  upon  ice  retained  beneath  it.  Count  Rumford 
took  a  cylindrical  glafs  jar,  4,7  inches  in  diameter,  and  13,8  inches  high.  Into  this  he  put 
43,87  cubic  inches,  or  i  lb.  ii^-oz.  troy  of  water.  When  the  jar  had  been  placed  in  a 
freezing  mixture,  and  the  water  was  congealed,  the  ice  adhered  firmly  to  the  bottom  and 
fides  of  the  jar,  and  was  juft  three  inches  high.  The  jar  was  then  placed  in  a  mixture  of 
pounded  ice  and  pure  water,  and  kept  in  that  fituation  for  four  hours,  in  order  that  the  cake 
of  ice  might  be  brought  to  the  temperature  of  32  degrees. 

The  jar  ftill  (landing  in  a  Cballow  difli  in  the  pounded  ice  and  water,  the  futface  of  which 
cold  mixture  was  juft  on  a  level  with  the  furface  of  the  ice  in  the  jar,  73^  02.  troy  of 
boiling-hot  water  were  gently  poured  in,  which  filled  it  to  the  height  of  eight  inches  above 
the  furface  of  the  jar. 

In  thefe  experiments  it  was  evidently  of  the  greateft  confequence  to  prevent  thofe  irre-  . 
gularities  which  would  arife  from  the  a£tion  of  pouring.    The  expedient  firft  adopted  for  ^ 
diis  purpofe  was  to  cover  the  ice  with  a  circular  piece  of  ftrong  paper,  which  was  gently 
removed  after  the  pouring.     But  this  not  being  thought  fufficiently  effedual,  a  flat  (hallow 
di(h  of  light  wood,  half  an  inch  deep,  and  fomewhat  lefs  externally  than  the  diameter  of 
the  jar,  was  provided.  Its  bottom  was  about  a  quarter  of  an  inch  thick,  and  was  perforated 
with  a  great  number  of  fmall  holes,  which  gave  it  the  appearance  of  a  fieve.    This  per- 
forated wooden  di(h,  having  been  previoufly  made  ice-cold,  was  placed  on  the  furface  of  the 
ice  In  the  jar,  and  the  hot  water  was  gently  poured  into  the  di(h  through  a  long  wooden 
tube*    As  the  perforated  di(h  floated  and  remained  conftantly  at  the  furface  of  the  water^ 
and  as  the  water'pafling  through  many  hundreds  of  fmall  holes  was  not  projeded  down- 
wards with  force,  the  violent  motions  in  the  mafs^  of  water  in  the  jar  were  thus  in  a  great  ■ 
meafure  prevented.    The  water  was  not  fuflFered  to  iflTue  from  the  wooden  tube  in  a  per-, 
pendicular  ftream ;  but,  the  bore  being  clofed,  it  was  made  to  iflTue  horizontally  through  a 
number  of  fmall  holes  in  the  fides  of  the  tube  at  its  lower  end. 

•  optics,  Book  i*  Part  I,  Prop.  7. 
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As  foon  as  the  operation  of  pouring  the  hot  water  into  the  jar  was  finished,  the  perforated. 
diQi  was  carefully  removed^  and  the  jar  was  covered  with  a  circular  wooden  cover*  from  the 
centre  of  which  a  fmall  mercurial  thermoipeter  was  fufpended.  The  irregularities  of  th^ 
experiments  were  greatly  diminiihed  by  the  qipediept  of  the  wooden  difli.  One  more  im- 
provement however  was  added  to  the  manipulation.  It  confided  in  pouring  87  cubic  inches 
of  ice-cold  water  upon  the  ice  in  the  jari  previoHS  to  the  introduQion  of  the  wooden  dilh. 
This  water  covered  the  furface  to  the  height  of  0,478  of  an  inch. 

Much  as  I  could  have  wifhed  to  rebte  the  whole  of  the  interefting  experiments  in  this 
eflay)  the  requifite  attention  to  brevity  in  this  abridgment  has  made  it  neceflary  to  omit 
every  matter  of  fubordinate  detail.  For  the  fame  reafon  I  forbear  to  ftate  the  refults  af« 
forded  by  the  two  firft  methods  of  trial.  Thofe  with  the  complete  apparatus  were  as  foU 
iows  \  the  temperature  of  the  room  being  41  degrees. 


No.    of  the 
Experiment. 

Time  the  hot 

Water  was 

on  the  Ice. 

Temperature  of  the  hot 

Water  one  inch  below 

its  furface. 

Quantity  of 
Ice  melted. 

At  the  Be- 
ginning. 

At  the  End. 

i 

N<^.  25 

.    26 

a? 

Miiiutes. 

190 

• 

l8l« 
9S 

Grains. 

10 
180 

580 

9'4 

3200 

From  the  refults  of  thefe  three  experiments,  the  Count  proceeds  to  determine  how  mncb 
iee  was  melted  in  the  aB  of  pouring  the  water  into  thejar^  and  confequently  the  rate  at  which 
it  was  melted  in  the  ordinary  courfe  of  the  experiment ;  fuppofing  equal  quantities  to  be 
melted  in  equal  times.     I  give  the  reafoning  in  his  own  words. 

As  in  the  27th  experiment  3200  grains  were  melted  in  iSo  minutes,  and  in  the  25t& 
experiment  580  grains  were  melted  in  10  minutes,  we  may  fafely  conclude  that  the  fame 
quantity  mud  have  been  melted  in  the  fame  time  (10  minutes)  in  the  27th  experiment*  If 
therefore  from  3200  grains,  the  quantity  melted  in  180  minutes  in  this  laft  experiment,  we 
dedu£l  580  grains  for  the  quantity  melted  during  the  firft  ten  minutes,  there  will  remain 
2620  grains  for  the  quantity  melted  in  the  fucceeding  170  minutes,  when,  the  motions  oc« 
cafioned  in  the  water  on  its  being  poured  into  the  jar  having  fubfided,  we  may  fuppofe  the 
procefs  of  melting  the  ice  to  have  gone  on  regularly. 

But  if  in  the  regular  courfe  of  the  experiment  no  more  than  2620  grains  were  melted  ia 
170  minutes,  it  is  evident  that  not  more  than  154  grains  could. have  been  melted  in  the 
ordinary  courfe  of  the  procefs  in  ten  minutes  ^  for  170  minutes  :  2620  grains : :  10  minutes : 
154  grains.  If  therefore  from  5.80  grains,  the  quantity  of  ice  ai^lually  melted  in  ten 
minutes  in  the  25th  experiment,  we  dcduA  154  grains,  there  remains  426  for  the  quantity, 
melted  in  pouring  the  water  into  the  jar. 

Let  us  fee  now  how  far  this  agrees  with  the  refult.of  the  26th  experiment.  In  this  ex- 
periment 914  grains  of  ice  were  melted  in  30  minutes.  If  from  this  quantity  we  dedu£fc 
426  grains,  the  quantity  which,  according  to  the  foregoing  computation,  mud  have  been 

3  .    .  melted 


J  *' 


ttpon  Iciy  thnuj  it  mftrJ^MlUj  than  Hot  Wattr.  565 

-meltecl  in  pwring  the  b9t  water  into  thijnf^  there  will  remaiti  478  grains  for  the  quantity 
melted  in  the  ordinary  courfe  of  the  procefs  in  30  minutes,  which  gives  159  grains  for  the 
quantity  melted  in  ten  minutes  \  which  diflers  very  little  from  the  refult  of  the  foregoing 
computation,  by  which  it  appeared  to  be  =:  154  grains.  This  dificrence,  however,  fmall  as  it 
is,  is  fufficient  to  prove  an  important  fa£l j  namely,  that  the  eflfeds  produced  by  the  motion 
into  which  the  hot  water  had  been  thrown  on  being  poured  into  the  jar,  hadnot  ceafed 
entirely  in  10  minutes,  or  when  an  end  was  put  to  the  5th  experiment.  We  ihall  therefore 
come  nearer  the  truth,  if,  in  our  endeavours  to  difcover  the  quantity  df  ice  melted  in  any 
given  time  in  the  ordinary  courfe  of  the  experiment,  we  found  our  computation  on  the 
re fults  of  the  two  experiments.  No.  26  and  No.  27. 

In  the  latter  of  thefe  experiments  3200  grains  of  ice  were  melted  in  180  minutes,  and  in. 
the  former  914  grains  were  melted  in  30  minutes.  If,  therefore,  from  3200  grains,  the- 
quantity  melted  in  j8o  minutes,  we  take  the  quantity  melted  in  the  firft  30  minutest  914 
grains,  there  will  remain  2286  grains  for  the  quantity  melted  in  the  fucceeding  1 50  minutes^ 
and  this  gives  152  grains  for  the  quantity  melted  in  60  minutes.  By  the  former  compu- 
tation it  turned  out  to  be  154  grains. 

But  if  1 52  grains  of  ice  is  the  quantity  melted  in  10  minutes  in  the  ordinary  courfe  of  the 
procefs,  three  times  that  quantity  or  456  grains  only  would  have  been  melted  ia  this  man* 
ner  in  the  30  minutes  during  which  the  26th  experiment  laded  \  and  deducing  this  quaOi-^ 
tity  from  914  grains,  the  quantity  a£iually  melted  in  that  experiment,  the  remainder  45^ 
grains  (hews  how  much  mud  have  been  melted  in  the  pouring  the  hot  water  on  the  ice^ 
or  in  confequence  of  the  motion  into  which  the  water  was  thrown  in  the  performance  o£ 
that  operation.     By  the  preceding  computation  this  quantity  turned  out  to  be  426  ^ains. 

From  the  refult  of  thefe  computations  the  Couiit  thinks  we  may  fafely  conclude^  that  m 
the  ordinary  courfe  of  the  experiments  not  more  than  152  grains  of  ice  were  melted  by  the 
hot  water  in  ten  minutes. 

He  then  proceeds  to  give  an  account  of  feveral  experiments,  in  which  the  water  'em« 
ployed  to  melt  tlie  ice  was  at  a  much  lower  temperature. 

The  previous  congelation  of  water  in  the  jar  to  the  depth  of  four  inches,  the  fubfequJ^nt 
redufiion  to  the  temperature  of  32^  by  the  external  contact  of  ice  and  water,  and  the 
weighing  of  the  whole  jar  and  ice  contained  therein,  were  performed  as  in  the  former  cx« 
periments.  The  jar,  which  had  been  wiped  with  a  dry  cold  napkin  before  weighing,  was 
then  replaced  in  the  ice  and  water  to  the  depth  of  its  internal  contents  of  ice.  The  quan- 
tity of  73^  ounces  troy  of  water  at  the  temperature  of -41**  (which  was  alfo  that  of  the 
room)  was  then  poured  in  with  the  fame  precaution,  of  the  wooden  tubei  di(b,  &c.  as  be« 
fore.    The  refults  of  a  fct  of  experiments  were  thefe  : 


Number  o£  the 
Experiment. 


Temperature  of  tbe  Water  in  the  I 
jar  one  inch  below  its  furface. 


Temperature 
of 
the  Air. 


Time  the  Water  | 
remained  on    1  Qjiantity  of  Ice 

melted. 
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By  the  refults  of  thefe  experiments^  and  their  correfpotidence  with  each  other,  the  extri^ 
ordinary  fa£k  is  eflabliflied,  chat  boiling  water  does  not  fufe  more  water  while  (landing  on 
its  furface  in  a  given  time,  than  water  at  the  temperature  of  41^,  or  only  nine  degrees 
above  freezing. 

Indeed,  as  the  Count  obferves,  there  Is  reafon  to  conclude  that  it  does  not  thaw  fo  much* 
Fdr  the  quantity  melted  in  ten  minutes  by  the  hot  water  was  152  grains  :  and  in  the  expe- 
riments with  the  cold  water  the  quantity  was  i8p~  grains.  He  was  too  much  inter- 
cftcd  in  thefe  refearches  to  leave  this  anomaly  unexamined.  It  remained  to  be  afcertained^ 
-whether  che  latter  experiments  were  not  afFeCled,  as  well  as  thofe  with  hot  water,  by  the 
agitation  of  the  water  in  pouring  in,  and  to  what  extent  \  and  alfo  how  far  the  aflion  of  the 
•external  air,  by  cooling  the  outer  part  of  the  cylinder  of  heated  water,  and  cauGng  it  to  de- 
fcend,  might  impede  the  rifing  currents  of  cooled  and  expanded  water  from  the  furface  of 
the  ice.  1  his  lad  obje£l  was  numerically  determined  by  clothing  the  jar  with  cotton  wool 
in  fome  experiments,  by  furrounding  it  totally  with  ice  and  water  in  others,  and  comparing 
thefe  refults  with  fuch  as  were  afforded  when  all  the  part  of  the  jar  above  the  ice  had  been 
left  expofed  to  the  atmofphere.  For  thefe  numbers,  the  judicious  precautions  of  experi- 
ment, and  the  comparative  remarks  upon  them,  I  muft  again  refer  the  philofopher  to  the 
Treatife  itfelf,  which  every  one  who  wiflies  to  inveftigate  the  fubjecl  ftill  farther,  to  xepeat 
the  experiments,  or  to  draw  more  extenfive  theoretical  inferences  from  them,  muft  necef- 
farily  confult..  The  concluding  Table,  drawn  from  the  others  which  precede,  is  as  follows : 

.    .  Ice>melied  iq  jo  alp. 
^  Grains. 

In  the  experlnoents  in  which  the  part^  wj^  ho^mg  hot  water        -         *        -    5S8t 

of  the  jar  occupied  by  the  water  was  1  „,.  ,  '  ,  ^  ^ 

-  J  -  ^    ',      .        .         ,  XWith  water  at  the  temperature  6|0         -    646 

•expofed  uncovered  to  the  air ;  then  at  I  ^  ^^ 

^^0.  J  With  water  at  the  temperature  410         -    574 

In  the  experiments  in  which  the  part^  ^Tith  boiling  hot  water  -         .        -    399* 

of  the  jar  occupied  by  the  water  was  f  ^.^  ^^^^  ^^  ^^  temperature  6io         .    661 

{unrounded  by  pounded  Ice  and  water,  I      .  ,  , 

.        r         Ix  .  ^  «  I  With  water  at  the  temperature  41**         -    542 

and  confequently  was  at  32**.  J  r  -r  ^t 

The  Count  conGders  thefe  experiipents  as  the  moft  unqueftionable  proof  that  water  Is  a 
pcrfeft  non-conduaor  ofbeaU  and  that  heat  is  propagated  in  it  only  In  confequence  of  the 
motions  which  the  heat  occafions  in  the  infulated  and  folltary  particles  of  that  fluid.  He 
remarks,  that  this  difcovery  affords  an  inOght  Into  the  nature  of  the  mechanical  proceft 
which  takes  place  in  chemical  folutions  \  and  he  thinks  that  it  will  enable  us  to  account  ia 
a  fatisfaftory  manner  for  all  the  various  phenomena  of  chemical  affinity,  vegetation,  and 
perhaps  all  the  other  motions  among  the  Inanimate  bodies  on  the  furface  of  the  globe. 

But  without  dwelling  upon  thefe  circumftances,  lefs  immediately  deduclble  from  the  na- 
ture of  the  communication  of  heat  through  water,  the  author  haftens  to  apply  his  difcove- 
ries  to  the  great  operations  which  are  regulated  and  performed  on  the  furface  of  the  globe 
by  virtue  of  Its  moft  Imperfeft  condu£bIng  power,  and  the  law  of  its  expanfion  and  con^ 
tra&Ion,  from  the  changes  of  temperature.  This  fubjed  occupies  the  third  and  con- 
cluding chapter  of  his  efTay.  I  (hall  give  the  fubftance  as  nearly  in  the  words  of  the  au- 
thor as  the  purpofes  of  abridgment  will  allow. 

Though 
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'  Though  fummcr  and  winter,  fpring  and  autumn,  and  all  the  variety  of  the  fcafons,  arc 
produced  by  the  Cmplc  and  admirable  contrivance  of  the  inclination  of  the  axis  of  the  earth 
to  the  plane  of  the  ecliptic  ;  yet  this  mechanical  difpofition  would  not  have  been  alone  fuf- 
ficient  to  produce  that  gradual  change  of  temperature  which  the  necefGtics  of  animal  and 
vegetable  life  appear  to  require.  It  feems  neceflary  not  only  that  the  changes  fliould  be 
gradual,  but  that  the  extremes  of  heat  and  cold  (hould  be  mitigated  by  fome  equalizing 
power. 

The  cold  air  from  the  northern  and  fouthern  regions  of  the  earth  ru(hes  towards  the 
heated  parts  in  the  regular  winds  which  are  known  to  prevail  on  its  furface;  and  the  return 
of  thefe  mafles  of  air,  which,  when  they  become  heated,  rife  and  flow  back  in  the  upper  de- 
partments of  the  atmofphere  towards  their  former  flation,  mud  greatly  tend  to  preferve  a 
more  equal  temperature  of  climates  than  would  elfe  have  prevailed.  But  the  agency  of 
water  in  producing  the  fame  effefk  has  been  overlooked,  though  the  remarkable  law  of  its 
condenfation  by  cold  renders  it  wonderfully  fuited  to  that  purpofe. 

M.  de  Luc  has  (hewn,  that  by  cooling  water  from  the  boiling  point  80^  to  the  freezing 
point  o,  if  the  whole  contradion  be  divided  into  80  equal  portions,  the  condenfation  or 
lofs  of  bulk  for  each  ic®  will  be  rcfpedively,  beginning  at  800,  as  follows  :  18.0; — 16.2;— 
13.8; — II. 5; — 9.3;— 7«i>— 3'9> — and  0.2.  Whence.it  is  fcen,  that  the  increafe  of  fpecific 
gravity,  by  cooling  when  near  the  mean  temperature  in  England,  is  at  lead  ninety  times 
kfs  than  when  the  water  is  near  boiling  hot. 

The  yaft  extent  of  the  ocean,  and  its  great  depth,  but  ftill  more  its  numerous  currents^ 
and  the  power  of  water  to  abforb  a  vaft  quantity  of  heat,  render  it  peculiarly  well  adapted 
to  ferve  as  an  equalizer  of  temperature. 

•  On  the  retreat  of  the  fun  after  the  folftice,  it  is  dofely  followed  by  the  cold  winds  from 
the  regions  of  eternal  firoil,  which  are  continually  endeavouring  to  prefs  on  towards  the 
equator.  As  the  power  of  the  fun  to  warm  the  furface  of  the  earth  and  the  air  diminiflies 
very  faft  in  high  latitudes  on  the  days  growing  fhorter,  it  foon  becomes  too  weak  to  keep 
back  the  denfe  atmofphere  which  prefles  in  from  the  polar  regions,  and  the  cold  increafes 
very  faft. 

There  is  however  a  circumftance  by  which  thefe  rapid  advances  of  winter  are  In  fome 
meafure  moderated.    The  earth,  but  more  efpecially  the  water,  having  imbibed  a  vaft 
quantity  of  heat  during  the  long  fummer  days,  while  they  received  the  influence  of  the  fun's 
vivifying  beams  i  this  heat  being  given  oflF  to  the  cold  air  which  rulhe-j  in  from  the  polar 
region,  ferves  to  warm  it  and  foftenjt ;  and  confequently  to  diminifh  the  impetuofity  of  its 
motion,  and  take  off  the  keennefs  of  its  blaft.     But  as  the  cold  air  ftill  continues  to  flow  in 
as  the  fun  retires,  the  accumulated  heat  of  fummer  is  foon  exhaufted,  and  all  folid  and 
fluid  bodies  are  reduced  to  the  temperature  of  freezing  water.   In  this  ftage  the  cold  in  the 
atmofphere  increafes  very  faft,  and  would  probably  increafe  ftill  fafter,  were  it  not  for  the 
vaft  quantity  of  heat  which  is  communicated  to  the  air  by  the  watery  vapours,  which  are 
firft  xondenfed,  and  then  congealed  in  the  atmofphere,  and  which  afterwards  fall  upon 
the  earth  in  the  form  of  fnow  ;  and  by  that  ftill  larger  quantity  which  is  given  off  by  the 
water  in  the  rivers  and  lakes  and  in  the  ground,  upon  its  being  frozen. 

But  in  very  cold  countries  the  ground  is  frozen  and  covered  with  fnow,  and  all  the  lakes 
and  rivers  are  frozen  over  in  the  very  beginning  of  winter.  The  col  then  firft  begins  to  be 

extreme^ 
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extremci  and  there  appears  to  be  no  fonrce  of  heat  left  which  is  fuffioent  to  moderate  tt 
in  any  fenGble  degree. 

It  has  been  (hewn — the  Count  thinks  he  may  venture  to  fay  prored — in  the  mod  (atisfac* 
tory  manner,  that  liquids  part  with  their  heat  only  in  confequence  of  their  internal  motion^ 
and  that  the  more  rapid  thefe  motions  are,  the  more  rapid  is  the  communication  of  the  heat  ^ 
that  thefe  motions  are  produced  by  the  change  in  the  fpecific  gravity  of  the  liquid  occa- 
fioned  by  the  change  of  temperature ;  and  of  courfe  that  they  are  more  rapid  as  the  fpecific 
gravity  of  the  liquid  is  more  changed  by  any  given  change  of  temperature. 

But  it  has  been  fhown  that  the  change  in  the  fpecific  gravity  of  water  is  extremely  fouUy 
which  takes  place  in  any  given  change  of  temperature  below  the  mean  temperature  of  th« 
atmofphere  ^  and  particularly  when  the  temperature  of  the  water  is  very  near  the  freezing 
point)  and  hence  it  follows  that  water  muft  give  off  its  heat  very  flowly  when  it  it 
near  freezing. 

But  this  is  not  all.  When  water  is  cooled'  to  within  eight  or  nine  degrees  of  the  ftttz^ 
ing  point,  it  not  only  ceafes  to  be  farther  condenfed,  but  is  aflually  expanded  by  farther  di- 
minutions of  its  heat ;  and  this  expanGon  goes  on,  as  the  heat  is  diminifhed,  as  long  as  tho 
water  can  be  kept  fluid ;  and  when  it  is  changed  to  ice  it  expands  even  ftill  more,  and  die 
ice  floats  on  the  furface  of  the  uncongealed  partof  the  fluid. 

It  is  well  known  that  there  is  no  communication  of  heat  between  two  bodies,  as  long  ta 
they  are  both  at  the  fame  temperature  ;  and  it  is  likewife  known  that  the  tendency  oC 
heat  tD  pafs  from  a  hot  body  into  one  which  is  colder,  with  which  it  is  in  contad^  is 
greater,  as  the  difference  is  greater  in  the  temperatures  of  the  two  bodies* 

Suppofe  now  that  a  mafs  of  very  cold  air  repofes  on  the  quiet  furface  of  a  large  lake  of 
frefli  water,  at  the  temperature  of  55^  of  Fahrenheit's  thermometer.  The  particles  of  wa* 
ter  at  the  furface,  on  giving  off  a  part  of  their  heat  to  the  cold  air  with  which  they  are  in 
contaA,  and  in  confequence  of  this  lofs  of  heat  becoming  fpecifically  heavier  than  thofe  liotter 
particles  on  which  they  repofe,  muft  of  courfe  defcend.  This  defcent  of  the  particles  which 
have  been  cooled,  neceffarily  forces  other  hotter  particles  to  the  furface  ;  and  thefe  being 
cooled  in  their  turns,  bend  their  courfe  downwards  ;  and  the  whole  mafs  of  water  is  put 
into  motion,  and  continues  in  motion  as  long  as  the  procefs  of  cooling  goes  on. 

Before  he  proceeds  to  trace  this  operation  through  all  its  various  ftages,  the  Count  en* 
^eavours  to  remove  an  obje£tion  which  may  perhaps  be  made  to  his  explanation  of  this 
-pl^enomenon.  As  he  fuppofes  the  piafs  of  air  which  refts  on  the  furface  of  the  water  to 
be  very  cold^  and  as  he  has  taken  it  for  granted  that  there  is  no  communication  whatever  of 
heat  between  the  particles  of  water  in  contaft  with  this  very  cold  air,  and  the  neighbouring 
warmer  particles  of  water,  it  may  be  afked,  how  it  happens  that  thefe  particles  at  the  furface 
are  not  fo  much  cooled  as  to  be  immediately  changed  to  ice  ?  To  this  he  anfwers,  that  there 
are  two  caufes  which  confpire  to  prevent  the  immediate  formation  of  ice  at  the  furface  of 
the  water.  Firft,  the  fpecific  gravity  of  the  particle  of  water  at  the  furface  being  increafed 
at  the  fame  moment  when  it  parts  with  heat,  it  begins  to  defcend  as  foon  as  it  begins  to  be 
cooled ;  and  before  the  air  has  had  time  to  rob  it  of  all  its  heat,  it  efcapes  and  gets  out  of 
its  reach  :  and,  Secondly,  air  being  a  bad  condu£tor  of  heat,  it  cannot  receive  and  tranfmit» 
ortranfport  it  with  fufficient  celerity  to  cool  the  furface  of  water  fo  fuddenly  as  to  embarrals 
the  motions  of  the  jparticles  of  that  liquid  in  the  operation  of  giving  it  off. 

But 


8«t  to  Teturn  to  omr  lake«  As  foon  as  tbc  water  ia  cooling  has  arrived  at  the  ti^mperaiure 
of  about  40^^  as  at  that  temperature  it  ceafes  to  be  farther  condenied,  its  internal  motioii 
<ceafeS|  andthofe  of  its  particles  which  happen  to  be  at  itafurface  rejmain  there  i  and  iiftar 
being  cooled  down  to  the  freezing  point  they  give  off  their  latent  heat)  and  ice  begina  to  lie 
formed. 

As  feon  as  the  furface  of  the  water  is  covered  with  ice»  the  conunumcation  of  heat  from 
the  water  to  the  atmofphereis  rendered  extremely  flow  and  difficult;  for  ice»  being  a  bad 
€ondu£lor  of  heat,  forms  a  very  warm  covering  to  the  water ;  and  nrioreover  it  prevents  the 
^water  from  being  agitated  by  the  wind.  Farther,  as  the  temperature  of  the  ice  at  its 
lower  furface  is  always  very  nearly  the  fame  as  that  bf  the  particles  of  liquid  water  with 
which  it  is  in  conta£t  (the  warmer  particles  of  this  fliud,  in  confequence  of  their  greater 
fpecific  gravity,  taking  their  places  below},  the  communication  of  heat  between  the  water 
and  the  ice  is  neceHarily  very  flow  on  that  account. 

As  foon  as  the  upper  furface  of  the  ice  is  covered  with  fnow  (which  commonly  happens 
ibon  after  the  ice  is  formed),  this  is  an  additional  and  very  powerful  obftacle  to  prevent 
the  efcape  of  the  heat  out  of  the  water  ;  and  though  the  moft  intenfe  cold  may  reign  ia 
the  atmofphere,  the  increafe  of  the  thicknefs  of  the  ice  will  be  very  flow. 

During  this  time  the  mafs  of  water  which  remains  unfrozen  will  lofe  m  part  oftU  beat  \ 
on  die  contrary,  it  will  continually  be  receiving  heat  from  the  ground.  This  heat,  which 
is  accumulated  in  the  earth  daring  the  fummer,  will  not  only  ferve  in  fome  meafure  to 
replace  that  which  is  communicated  to  the  atmofphere  through  the  ice,  and  prevent  its 
being  fumiflied  at  the  ezpence  of  the  latent  heat  of  the  water  in  contad  with  its  furface  1 
but,  when  the  temperature  of  the  air  is  not  much  below  that  of  freezing,  this  fuj^ly  of 
heat  from  below  will  be  quite  fiifficicnt  to  replace  that  which  the  air  carries  off,  and  the 
thicknefe  of  the  ice  mil  not  increafe. 

Whenever  the  temperature  of  the  air  is  not  aftually  colder  than  freezuig  water,  the 
heat  which  rifes  from  the  bottom  of  the  lake  will  be  all  employed  in  meltiog  the  ice  at  its 
under  furface*  and  diminifhing  its  thicknefs. 

It  will  indeed  frequently  happen,  when  the  ice  is  very  thick,  and  efpecially  when  its 
upper  furface  is  covered  with  deep  fnow,  that  the  melting  of  the  ice  at  its  under  fur£ice 
MTiH  be  going  on,  when  the  temperature  of  the  atmofphere  is  confiderably  below  the  frees* 
Ing  point. 

As  the  particles  of  the  water,  which,  receiving  heat  from  the  ground,  at  the  bottom  of 
the  lake,  acquire  a  higher  temperature  than  that  of  40  degrees  (and  being  expanded^  and 
becoming  fpecifically  Hghter  by  this  additional  heat,  rife  to  the  upper  furface  of  the  fluid 
water,  and  give  off  their  fcnfible  heat  to  the  under  furface  of  the  ice),  never  return  to  the 
bottom,  this  communication  of  the  heat  which  exhales  from  the  earth  produces  very  little 
BK)tion  in  the  mafs  of  the  water  %  and  this  civcumila^ce  is  mo  doubt  very  favourable  to  the 
prefervatioR  of  the  hei^  of  the  water. 

When  a  ftrong  wind  prevails,  and  the  furface  of  the  wat^r  is  much  agitated,  ice  is  not 
formed,  even  though  the  whole  mafs  of  water  (hould,  by  a  long  continuance  of  cold 
weather,  have  been  previoufly  cooled  'down  to  that  point  to  which  it  is  neceflary  that  it 
Aonld  be  brought,  in  order  that  its  internal  motions  may  ceafe,  and  that  it  may  be  diQiofed 
40  congeal.  Fbr  Aough  the  particles  at  and  near  the  ftii^iCc  may  no  longer  have  any  ten* 
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dency  to  dcfcend,  on  being  farther  cooledi  yet,  as  they  have  fo  confiderable  a  quantity  of 
fehfible  heat  (eight  or  ten  degrees)  to  difpofe  of^  after  tlieir  condenfation  by  cold  ceafes  ; 
and  as  the  agitation  into  which  the  water  is  thrown  by  the  wind  does  not  permit  any  par- 
'ticle  to  remain  long  enough  in  conta£l  with  the  cold  air  to  give  off  all  its  heat  at  once;  there 
is  a  Continual  fucceflion  of  frefh  particles  at  the  furface,  all  of  which  give  o(F  heat  to  the 
•air,  but  none  of  them  have  time  to  be  cooled  fufficiently  to  form  ice.  The  water  will  there- 
fore lofe  a  vad  quantity  of  heat;  and  as  foon  as  ihe  wind  ceafes^  if  the  cold  fliould  continuc» 
ice  will  be  formed  very  rapidly. 

"  But  it  is  not  merely  the  agitation  of  the  water  which  renders  the  communication  of  the 
heat  very  rapid  ;  the  agitation  of  the  wind  alfo  tends  to  produce  the  fame  effe£^. 
'  On  the  return  of  fpring,  the  fnow  melting  before  the  fun,  as  he  advances  and  his  rays  be- 
come more  powerful,  all  the  heat  which  the  earth  exhales  is  employed  in  diflblving  the 
ice  at  its  under  furface,  while  the  fun  on  the  other  fide  a£ls  (lUl  more  powerfully  to  pro- 
duce the  fame  elFeft". 

Though  ice  is  tranfparent,  yet  it  is  not  perfedily  fo ;  and  as  the  light  which  is  ftopped» 
in  itd  paflage  through  it,  cannot  fail  to  generate  heat  nvten  and  ivltere  it  is  (topped  or  ab- 
forbed,  it  is  by  no  means  furprifing  that  fnow  ihould  be  found  to  melt  when  expofed  in 
the  fun^s  rays,  even  when  the  temperature  of  the  air  in  the  (hade  is  confiderably  below 
the  point  of  freezing.  Snow  expofed  to  the  fun  melts  long  before  the  even  furface  x>f  ice 
begins  to  be  fenfibly  foftened  by  its  beams ;  and  it  is  not  till  fome  time  after  all  the  hills  are 
bare  that  the  ice  on  the  lakes  and  rivers  breaks  up. 

The  rays  which  penetrate  a  bank  of  fnow,  being  often  reflected  and  refra^ed,  defcend 
deep  into  it,  and  the  heat  is  depoCted  in  a  place  where  it  is  not  expofed  to  be  carried  off  by 
the  cold  air  of  the  atmofphere ;  but  the  rays  which  fall  upon  the  horizontal  and  fmooth  fur«^ 
face  of  the  ice  are  moftly  refle£led  upwards  into  the  atmofphere  :  and  if  any  part  of  them 
are  (topped  at  the  furface  of  the  ice,  the  heat  generated  by  them  tbfre  is  in{tantaneoufly 
carried  off  by  the  cold  air,  and  a  particle  of  water  is  no  fooner  made  fluid  than  it  is  again: 
frozen. 

'  Hence  we  fee,  that  the  fnow  which  in  cold  countries  covers  the  ice  that  is  formed  on  the 
furface  of  fre(h  water,  not  only  prevents  the  heat  of  the  water  from  being  carried  offhj  the 
air  during  the  winter,  but  alfo  a(Ii(ts  very  powerfully  in  thawing  the  ice  early  in  the  fpring. 

Let  us  now  fee  what  the  confequences  would  have  been,  had  the  condenfation  of  water 
with  cold  followed  the  law  which  obtaiiis  in  regard  to  all  other  fluids. 

As  the  internal  motion  of  the  water  could  not  have  failed  to  continue  as  long  as  its  fpis^ 
cific  gravity  continued  to  be  increafed  by  parting  with  heat,  ice  would  not  have  begun  to  b^ 
formed  till  the  whole  mafs  of  water  had  arrived  at  the  temperature  of  32^^  of  Fahrenheit's 
thermometer. 

To  fee  what  an  enormous  quantity  of  heat  would  be  lo(t  when  the  water  is  deep,  in 
confequence  of  its  whole  mafs  being  cooled  in  this  manner,  we  have  only  to  compute  how 
much  ice  this  heat  would  melt,  or  how  much  water  it  would  heat,  from  the  pointof  freezing 
to  that  of  boiling. 

It  has  been  (hewn  by  experiments,  that  any  given  quantity  of  ice  requires  as  much  heat 
to  melt  it  as  an  equal  quantity  of  fluid  water  lofes  in  cooling  140^ ;  confequently  the  quan« 
tity  of  ice  which  might  be  melted  by  the  heat  given  off  by  any  given  quantity  of  water  In 
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cooling  2.ny  given  number  of  degrees,  is  to  the  given  quantity  of  water  as  the  number  of 
degrees  which  it  is  cooled  to  I40<'. 

Hence  it  follows,  that -when  the  temperature  of  the  water  is  8®  above  the  freezing  pointy 
it  gives  off  in  cooling, down  to  that  temperature,  as  much  heat  as  would  melt-j-|^ths  or  Tyths 
of  its  weight  of  ice  :  the  water  therefore  which  is  cooled  from  the  temperature  of  40^  to 
that  of  32°,  if  it  be  35  feet  deep,  will  give  off  as  much  heat,  in  being  fo  cooled,  as  would 
melt  a  covering  of  ice  two  feet  thick. 

But  this  even  is  not  all  \  for,  as  the  particles  of  water,  on  being  cooled  at  the  Airfacej* 
would  in  confcquence  of  the  increafe  of  their  fpecific  gravity,  on  partinp;  with  a  portion  of 
their  heat,  immediately  defcend  to  the  bottom,  the  greated  part  of  the  heat  accumulated: 
during  the  fummer  in  the  earth  on  which  the  water  repofes  would  be  carried  off  and  loft 
before  the  water  began  to  freeze ;  and  when  ice  was  once  formed,  its  thicknefs  would  in--' 
creafe  with  great  rapidity,  and  would  continue  increafing  during  the  whdie  winter.  And 
it  feems  very  probable,  that,  in  climates  which  are  now  temperate,  the  water  in  the  larg» 
lakes  would  be  frozen  to  fuch  a  depth  in  the  courfe  of  a  feverc  winter,  that  the  heat  of  the 
enfuing  fummer  would  not  be  fuflicient  to  thaw  them  \  and  (hould  this  once  happen,  the 
follo.wing  winter  could  hardly  fail  to  change  the  whole  mafs  of  its  waters  to  one  folid  body^ 
of  ice,  which  never  more  could  recover  its  liquid  form,  but  muft  remain  immoveable  till 
the  end  of  time. 

In  the  month  of  February,  after  a  froft  which  had  lafled  a  month,  the  temperature  of 
the  air  being  38^,  M.  De  Sauffure  found  the  temperature  of  the  water  at  the  Lake  of  Ge^ 
heva,  at  the  furface,  at  41^  and  at  the  depth  of  loco  feet,  at  40*.  Had  the  froft  conti« 
nued  but  a*  little  longer,  ice  would  have  been  formed  ;  but  had  the  conftitution  of  watef 
been  fuch,  that  the  who^e  mafs  of  that  fluid  in  the  lake  muft  have  been  cooled  down  to  th^* 
temperature  of  32^  before  ice  could  have  been  formed,  this  event  could  not  have  happened 
till  the  water  had  given  off  as  much  heat  as  would  be  fuflUcient  to  melt  a  covering  of  ice 
above  57  feet  thick. 

This  quaiitify  of  heat  would  be  fufficient  to  heat  to  the  point  of  boiling  a  quantity  of  iee- 
coid  water  as  lar^e  as  the  lake,  and  49  feet  deep. 

When  we  trace  ftill  further  the  aftonifliing  effefts  which  are  produced  in  the  world  by 
the  operations  of  rhat  fimple  law,  which  has  been  found  to  obtain  in  the  condenfation  of 
water  on  its  being  deprived  of  heat,  we  fhall  find  more  and  more  reafon  to  admire  the  wif« 
dom  of  the  contrivance. 

That  high  latitudes  might  be  habitable,  it  was  neceffary  that  vegetables  (hould  be  pro<« 
te£led  from  the  effe£ls  of  the  chilling  frofts  of  a  long  and  fevere  winter  ;  but  if  it  be  true 
that  watery  liquids  do  not' part  with  their  heat  but  in  confcquence  of  their  internal  motion, 
and  if  thefe  motions  are  occafioned  merely  by  the  change  produced  in  the  fpecific  gravity  of 
thofe  particles  of  the  liquid  which  receive  heat,  or  which  part  with  it,  who  does  not  fee 
how  very  powerfuUy  the  fudden  diminution  and  final  ceffation  of  the  condenfation  of 
water  in  cooling,  as  foon  as  its  temperature  approaches  to  the  freezing  point,  operates  to 
prevent  tlie  fap  in  vegetables  from  being  frozen  ? 

But  if,  for  the  purpofes  of  life  and  vegetation,  it  be  neceffary  that  the  ground,  theriver^, 
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thelakes^  and  the  trees,  be  defended  againft  the  cold  winds  from  the  poles,  it  may  be  afttd, 
how  this  inundation  of  cold  air  is  to  be  warmed  ?   The  Count  anfwers.  By  the  waters  of 
the  ocean,  which  there  is  the  greateft  realbn  to  think  were  not  only  defigned  principally  for 
diat  ufe,  but  particularly  prepared  for  it. 

Sea  water  contains  a  large  proportion  of  fait  in  folution  \  and  the  condenfation  of  a  (aline 
fi>ltttion'on  its  being  cooled,  follows  a  law  which  is  extremely  different  from  that  obferred 
in  regard  to  pure  water,  and  which  (as  may  eafily  be  (hown)  renders  it  peculiarly  well 
adapted  for  communicating  heat  to  the  cold  winds  which  blow  over  its  furface. 

As  fea  water  continues  to  be  condenfed  as  it  goes  on  to  cool,  even  after  it  has  pafled  the 
point  at  which  freih  water  freezes,  the  particles  at  the  furface,  inftead  of  remaining  there,  af- 
ter the  mais  of  the  water  had  been  cooled  to  about  40^,  and  preventing  the  other  warmer  par- 
tocles  below  from  coming  in  their  turns,  and  giving  off  their  heat  to  the  cold  air  (as  we  have  feenr 
silways  when  freih  or  pure  water  is  fb  cooled)— -thefe  cooled  particles  of  fait  water  defcend 
as  foOn  as  they  have  parted  with  their  heat,  and  in  moving  downward  force  other  warmer 
particles  to  move  upwards ;  and  in  confequence  of  diis  continual  fucceffion  of  warm  partt* 
des  which  come  to  the  furface  of  the  fea,  a  vaft  deal  of  heat  is  communicated  to  the  aii^-« 
incomparably  more  than  could  poiDbly  be  communicated  to  it  by  an  equal  quantity  o£ 
fttfii  water  at  the  fame  temperature,  as  will  appear  by  the  following  computation : 

"Without  taking  into  the  account  that  very  great  advantage  which  fea  water  poflefles 
over  ffcfh  water,  confidered  aa  an  equalizer  of  the  temperature  of  the  atmofphcre,  which 
arifes  from  die  comparative  hvmefs  of  the  point  of  its  congelation  \  fuppofing  even  fea  water  to 
bteze  at  as  high  a  temperature  as  freih  water,  namely  at  320  ^  and  fuppofing  (what  is  IknOlj 
tmc)  that  as  foon  as  either  fea  water  or  frefli  water  is  frozen  at  its  furfacey  and  this  ice 
covered  widi  fnow,  the  communication  of  heat  from  the  water  to  the  atmofphere  ceafea 
abnoft  entirely ;  the  Count  proceeds  to  determine  how  much  more  heat  would,  even  on  »hi# 
Ivppofition,  be  communicated  to  the  air  by  fait  water  than  by  freih  water^  after  both  have 
arrived  at  the  temperature  of  40®. 

When  freih  water,  in  cooling,  has  arrived  at  this  temperature,  it  ceafes  to  be  farther  con* 
denfed  with  cold,  and  its  internal  motions  (which,  as  hath  already  more  than  once  been 
obferved,  are  caufed  folely  by  the  changes  produced  in  the  fpecific  gravity  of  its  particles) 
ceafe  of  courfe,  and  ice  immedbtely  begins  to  be  formed  on  its  furface :  but  as  the  conden- 
fation of  ialt  water  goes  on  as  its  heat  goes  on  to  be  diminiihed,  its  internal  motions  will 
continue ;  and  it  is  evidently  impoifible  for  ice  to  be  formed  at  its  furface,  till  the  whole 
mais  of  die  water  has  become  ice  cold,  or  till  its  temperature  is  brought  down  to  the  fiip» 
pofed  point  32^*  It  would  therefore  give  off  a  quantity  of  heat  equal  to  8  degrees  at  leaft 
of  Fahrenheit's  thermometer  more  than  the  freih  water  would  part  with  before  ice  could 
be  formed  on  its  furface. 

To  be  able  to  form  an  idea  of  this  enormous  quantity  of  heat,  we  have  only  to  recolle£^ 
what  has  already  been  faid,  and  we  ihall  find  reafon  to  conclude  that  it  would  be  fufficient 
to  melt  a  covering  of  ice  equal  in  thicknefs  to  ^^ths  of  the  depth  of  the  fea.  It  would  there- 
fore be  fufficient  in  that  part  of  the  North  fea  (lat.  67)  where  Lord  Mulgravc  founded  at 
tbe  depth  of  4680  feet,  to  melt  a  cake  of  ice  265  feet  thick* 

But 
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B«t  the  heat  evolved  in  the  fonnation  of  each  fuperficial  foot  of  ice^  would  be  fu£- 
ficient  to  raife  the  temperature  of  a  ftratum  of  incumbent  air  2 a  20  times  as  thick  as  the 
ice  (confcquently  in  the  cafe  in  queftion  265  X  2220  feet  or  869  miles  thick)  28  degrees^ 
or  from  the  temperature  of  freezing  water  to  that  of  50^  of  Fahrenheit's  thermometer,  or 
to  the  mean  annual  temperature  of  the  northern  parts  of  Germany, 

Thereat  given  off  to  the  air  by  each  fuperficial  foot  of  water  in  cooling  Mi  digrtiy.v^- 
fufficient  to  heat  an  incumbent  ftratum  of  air  44  times  as  thick  as  the  depth  of  the  water 
10  degrees.    Hence  we  fee  how  very  powerfully  the  water  of  the  ocean,  which  is  never 
frozen  over  except  in  very  high  latitudes,  muft  contribute  to  warm  the  cold  air  which  flows 
in  from  the  polar  regions. 

But  the  ocean  is  not  more  ufeful  In  moderating  the  extreme  cold  of  the  polar  regions 
than  it  is  in  teunpering  the  ezceffive  heats  of  the  torrid  zone;  and  what  is  very  remarkable, 
the  fitnefs  of  the  fea  water  to  ferve  this  laft  important  pnrpofC)  is  owing  to  the  very  fame 
caufe  which  renders  it  fo  peculiarly  well  adapted  for  communicating  heat  to  the  cold  at«> 
mofj^iere  in  high  latitudes,  namely,  to  the  fait  nvbicb  it  holds  infoUttion. 

As  the  condenfation  of  fait  water  with  cold  continues  to  go  on,  even  long  after  it  hat 
been  coded  to  the  temperature  at  which  freih  water  freezes,  thofe  particles  at  the  furface 
which  are  cooled  by  an  immediate  contaA  with  the  cold  winds  muft  defcend,  and  takc^ 
Actr  places  at  the  bottom  of  the  fea,  where  they  muft  remain,  till  by  acquiring  an  ad- 
ditional quantity  of  heat  their  fpecific  gravity  is  again  diminiflied.  But  this  heat  they  never 
€nn  regain  in  the  polar  regions  *,  for  innumerable  experiments  have  proved  beyond  all  poflibility 
«f  doubt,  that  there  is  no  principle  of  heatin  th^  interior  parts  of  the  globe,  which  by  ex« 
hiding  through  the  bottom  of  the  ocean  could  communicate  heat  to  the  water  which  refts 
upon  it« 

It  has  been  found  that  the  temperature  of  the  earth,  at  great  depths  under  the  furface, 
h  different  in  difierent  latitudes,  and  there  is  no  doubt  but  this  is  aHb  the  cafe  with  refped 
to  the  temperature  at  the  bottom  of  the  fea,  in  as  far  as  it  is  not  influenced  by  the  currents 
which  flow  over  it ;  and  this  proves  to  a  demonftration,  that  the  heat  which  we  find  to  exift 
without  any  fenfible  change  during  fummer  and  winter  at  great  depths,  is  owing  to  the 
action  of  the  fiin,  and  not  to  central  fires  as  fome  have  too  haftily  concluded. 

Bttt'if  the  water  of  the  ocean,  which,  on  being  deprived  of  a  great  part  of  its  heat  by  cold 
winds,  defcends  to  the  bottom  of  the  fea,  cannot  be  wanned  where  it  defcends,  as  its  fpecific 
gravity  is  greater  than  that  of  water  at  the  fame  depth  in  warmer  latitudes,  it  will  imme- 
diately begin  to  fpread  on  the  bottom  of  the  fea,  and  to  flow  towards  the  equator ;  and  this 
muft  neceffarily  produce  a  current  at  the  furface  in  an  oppofite  dire£tion.  There  ape  the 
lAoft  indubitable  proofs  of  the  exiftence  of  both  thefe  currents. 

The  proof  of  the  exiftence  of  one  of  them  would,  indeed,  have  been  quite  fufficient  to 
have  proved  the  exiftence  of  both ;  for  one  of  them  could  not  poflibly  exift  without  the 
other  :  but  they  are  feveral  dire£l  proofs  of  the  exiftence  of  each  of  them. 

What  has  been  called  the  gulph  ftream  in  the  Atlantic  Ocean,  is  no  more  than  one  of 
thefe  currents,  namely  that  at  the  furface,  which  moves  from  the  equator  towards  the  north 
pole,  modified  by  the  trade  winds,  and  by  the  form  of '  Ae  continent  of  North  America ;  and 
the  progrefs  of  the  lower  current  may  be  confidered  as  proved  dire£Uy  by  the  cold  which 
has  been  found  to  exift  in  the  fea  at  great  depths  in  warm  latitudes  i  a  degree  of  temperature 
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much  below  tha  mean  annual  temperature  of  the  cartli  in  the  latitudes  where  it  has  been 
founilj  and  which  of  courfc  mud  have  been  brought  from  colder  latitudes. 

The  mean  annual  temperature  in  the  latitude  of  67?  has  been  determined  by  Mr.  Kirwan, 
in  his  excellent  ireatife  on  the  temperature  of  different  latitudes^  to  be  39^  ;  but  Lord  MuN 
grave  found  on  the  20th  of  June,  when  the  temperature  of  the  air  was  48i-o,  that  the  tem- 
perature of  the  fea  he  depth  of  4680  feet  was  6  degrees  below  freezings  or  26^  of 
Fahrenheit's  thermometer- 

On  the  31ft  of  Auguft  in  the  latitude  of  69^,  where  the  annual  temperature  is  about 
38°,  the  temperature  of  the  fca  at  the  depth  of  4038  feet  was  32® ;  the  temperature  of  the 
atmofphere  (and  probably  that  of  the  water  at  the  furface  of  the  fea)  being  at  the  fame 
time  at  59^-. 

But  a  ftill  more  ftriklng  and  incontrovertible. proof  of  the  exiftcnce  of  currents  of  cold 
water  at  the  bottom  of  the  fea,  fetting  from  the  poles  towards  the  equator,  is  the  very 
remarkuble  difference  that  has  been  found  to  fubfifl  between  the  temperature  of  the  fea  at 
the  furface,  and  at  great  depth  at  the  tropic,  though  the  temperature  of  the  atmofphere 
diere  is  fo  condant,  that  the  greated  changes  produced  in  it  by  the  feafons  feldoni 
amount  to  more  than  five  or  fix  degrees  *,  yet  the  difference  between  the  heat  of  the  water 
at  the  furface  of  the  fea,  and  that  at  the  depth  of  3600  feet,  has  been  found  to  amount  to 
no  lefs  than  31  degrees;  the  temperature  above,  or  at  the  furface,  being  84,  and  at  xkt 
given  depth  below,  no  .more  than  53  *• 

It  appears  to  the  Count  to  be  extremely  difficult,  if  not  quite  impofDble,  to  account  for 
this  degree  of  cold  at  the  bottom  of  the  fea  in  the  torrid  zone,  on  any  other  fuppofition  than 
that  of  cold  currents  from  the  poles  -,  and  the  utility  of  thejje  currents  in  tempering  the 
excef&ve  heats  of  thofe  climates  is  too  evident  to  require  any  illuftration. 

Thefe  currents  are  produced,  as  we  have  already  feen,  in  confequence  of  the  difierence  ui 
the  fpecific  gravity  of  the  fea  water  at  different  temperatures :  their  velocities  muft  there- 
fore be  in  proportion  to  the  change  produced  in  the  fpecific  gravity  of  water  by  any  givea 
change  of  temperature  ;  and  hence  we  fee  how  much  greater  they  mufl  be  in  fait  water  than 
they  could  poffibly  have  been  had  the  ocean  been  compofed  of  frefh  water. 

It  is  not  a  little  remarkable,  that  the  water  of  all  great  )akes  is  frefh,  and  nearly  fo  in  aU 
inland  feas  (like  the  Baltic)  in  cold  climates,  which  communicate  with  the  ocean  by 
narrow  channels.  We  (hall  find  reafon  to  conclude,  that  this  did  not  happen  without  dc- 
fign,  when  we  confider  what  confequences  would  probably  enfue,  (hould  the  waters  of  a 
large  lake  in  an  inland  fituation  in  a  cold  country  (fuch  as  the  lake  Superior  for  inftance  ia 
North  America)  become  as  fait  as  t^ie  fea. 

Though  the  cold  winds  which  blow  over  the  lake  in  the  beginning  of  winter  would  be 
more  warmed,  and  the  temperature  of  the  air  on  the  fide  of  the  lake  oppoiite  to  the  quarter 
from  whence  thefe  winds  arrive,  would  be  rendered  fomewhat  milder  than  it  now  is  y 
yet,  as  the  water  of  the  lake  would  give  off  an  immenfe  quantity  of  heat  before  a  covering 
of  ice  could  be  formed  on  its  furface  for  its  prote£lion,  it  would  on  the  return  of  fpring  be 
found  to  be  extremely  cold  \  and  as  it  would  require  a  long  time  to  regain,  from  the  influ- 
ence of  the  returning  fun,  the  enormous  quantity  of  heat  loft  during  the  winter,  it  would 

*  Philofophical  Tranfa^tions  m.dcc.lu. 

remaiiT 


On  Heat'-^Mtthd  of  Wiling  Cafi-Steil  575 

•  •  '  •  •  • 

itnsain  fcry  cold  during  the  fpring,  and  probably  during  the  greateft  part  of  thcfiimraerj 
and  this  could  not  fail  to  chill  the  atmofphere,  and  check  regetation  in  the  fwrrounding 
country  to  a  very  confiderable  diftance.  And  though  a  large  lake  of  fait  water  in  a  cold 
Country  would  tend  to  render  the  winter  fomewhat  milder  on  one  fide  of  it,  namely  on  the 
fide  oppofite  to  the  quarter  from  whence  the  cold  winds  came  ;  yet  this  advantage  would 
not  only  be  confined  to  a  finall  tradl  of  country,  but  would  not  any  where  be  very  import* 
ant,  and  would  by  no  means  counterbalance  the  extenfive  and  fatal  confequences  which 
would  be  produced  in  fummer  by  fo  large  a  colle£bion  of  very  cold  water. 

Wlien  the  winter  is  once  fairly  fet  in — when  the  earth  is  well  covered  with  fnow,  and 
the  rivers  and  lakes  with  ice,  and  more  efpecially  when  the  ice  as  well  as  the  land  is  covered 
with  that  warm  winter  garment,  a  few  degrees  mpre  of  cold  in  the  air  cannot  produce  any 
lading  bad  confequences.  It  may  oblige  the  inhabitants  to  ufe  additional  precautions  to 
guard  themfelves,  their  domeftic  animals,  and  their  provifions,  from  the  uncommon  feverity 
of  the  weather;  but  it  can  have  very  little  influence  in  the  temperature  of  the  eufuing 
fummer ;  and  it  is  even  probable,  if  it  influences  it  at  all,  that  it  tends  rather  to  make  it 
warmer  than  colder.  Lakes  of  fait  water  could  therefore  be  of  no  real  ufe  in  winter  in 
cold  countries,  and  in  fummer  they  could  not  fail  to  be  very  hurtful ;  while  frefli  lakes,  as 
they  are  frozen  over  almoft  as  foon  as  the  winter  fets  in,  and  long  before  the  whole  mafs 
of  their  water  is  cooled  down  to  the  temperature  of  freezing,  muft  prcferve  the  greater 
part  of  their  heat  through  the  winter  ;  and  if  they  are  of  no  ufe  during  the  cold  leafon, 
they  probably  do  little  or  no  harm  in  fummer*. 

X. 

Ufeful  Notices  refpe&lng  various  Oh}e3s, — Welding  of  C aft-Steel ^^Fle^^re  of  Compound  Metallic 

Bars  by  Change  of  Temperature. 
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I.  Welding  of  Caft- Steel.     By  Sir  ThoMAS  FjUNKLANDy  Bart.f 

H  E  uniting  of  fteel  to  iron  by  welding  is  a  well-known  pra£tice  ;  in  fome  cafes  for 
the  purpofe  of  faving  fteel ;  in  others,  to  render  work  lefs  liable  to  break,  by  giving  the  fteel 
a  back  or  fupport  of  a  tougher  materia). 

Ever  fince  the  invention  of  caft-fteel  (or  bar-fteel  refined  by  fufion)  it  has  generally  becit 
fuppofed  impoflible  to  weld  it  either  to  common  fteel  or  iron  ;  and  naturally*— for  the  de- 
fcription  in  Watfon's  Chemical  Eflfays  (vol  iv.  p.  148)  is  juft,  that  in  a  welding  heat  it  **  runs 
away  under  the  hammer  like  fand.*'  How  far  the  Sheflield  artifts,  who  ftamp  much  low* 
priced  work  with  the  title  of  caft-fteel,  pra£life  the  welding  it,  I  am  ignorant ;  but  though 
I  have  enquired  of  many  fmiths  and  cutlers  in  diflerent  parts  of  the  kingdom,  I  have  not 
yet  found  the  workman  who  profeflTed  himfelf  able  to  accomplifli  it.  If  therefore  I  fhould 
defcribe  a  fimple  proccfs  for  the  purpofe,  I  may  be  of  ufe  to  the  very  many  who  are  incre- 
dulous on  the  fubjef^.  If  any  one  has  made  the  difcovery  on  principle,  he  has  realoned 
thus :  Caft-fteel  in  a  welding  heat  is  too  foft  to  bear  being  hammered  ;  but  is  there  no 

*  Throughout  this  Eflay,  but  more  particularly  in  the  lad  chapter*  the  author  has  very  drongly  indded  on 
the  final  caufes  of  the  laws  he  has.  endeavoured  to  develope.  I  have  no  wi(h  at  prelent  todifcufs  the  quedion, 
how.  far  the  propagation  of  truth  may  be  advanced  by  fpeculations  on  thofe  caufes ;  but  have  added  this  note,, 
kft  I  Ihould  be  thought  to  have  mutilated  his.  EiTay  by  leaving  out  fo  firiking  a  part.  My  aim  has  been  tsu 
communicate  his  phyfical  difcoveries  only.    N. 
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lower  degree  of  heat  in  which  it  may  be  foft  enough  to  unite  with  irooj  yet  without  ha- 
zard of  running  under  the  hammer  ?  A  few  experiments  decided  the  queftion ;  for  tha 
fad  if,  that  caft-ileel  in  a  white  heat,  and  iron  in  a  welding  lieat,  unite  completely. 

It  muft  not  be  denied  that  conGderablc  nicety  is  required  in  giving  a  proper  heat  to  the 
fteel  \  fort  on  applying  it  to  the  iron,  it  receives  an  incrcafe  of  heat,  and  will  fometinief 
run  on  that  iticreafe,  though  it  would  have  borne  the  hammer  in  that  (late  in  wliicivit 
was  taken  from  the  fire. 

I  need  (icarcely  obfcrve,  that  when  this  procefs  is  intended,  the  fteel  and  iron  mud  be 
heated  feparatcly,  and  the  union  of  the  parts  propofed  to  be  joined,  eflfeAed  at  a  (logic 
heat.  In  cafe  of  a  confiderable  length  of  work  being  required,  a  fuicable  thickncfs  muft 
be  united,  and  afterwards  drawn  out,  as  is  pra£lifcd  in  forging  renp-hooks,  &c. 

The  (lecli  on  which  my  experiments  have  been  made,  are  Walker's  of  Rothcrham,  and 
Huntfman's,  between  which  I  difcover  no  diiFerence }  and  though  there  may  be  fome 
trifling  variation  in  the  flux  ufed  for  melting,  they  are  probably  the  fame  in  eiTentials. 

2.  Flesttre  of  Compound  Metallic  Bars  by  Change  of  Temperature. 

A  DAR  of  (led  upwards  of  fix  inches  long,  0.56  inch  broad,  and  0.05  inch  thick,  waa 
hard-foldcrcd  **  to  a  bar  of  brafs  of  the  fame  dimenfions,  but  twice  the  thicknefs.  Thit 
compound  bar  was  fixed  at  one  end  to  a  fimple  metallic  bar,  as  in  fig.  2.  F1.V.  (facing  p.  96) 
and  at  the  otlier  end  tliere  was  a  Aiding  piece  to  meafure  the  deviations  by  flexure.  It 
muft  be  obfcrvcd,  that  a  thin  piece  of  metal  was  placed  between  the  fimple  and  compound 
barsi  at  tlic  pinned  part  A 1  fo  tlut  the  bars  were  not  permitted  to  come  into  conta£l  ia 
any  temperature,  but  each  pofition  was  determined  by  the  Aiding  piece,  by  means  of  a  mt« 
crometerfcrew  and  magnifier  applied  to  it  whenever  its  place  was  required  to  be  known* 
The  clear  part  of  the  compound  bar  from  the  pin  A,  to  the  end  D,  was  ezafily  fix  inches. 

By  heating  the  apparatus  from  66^  to  212^,  namely  146^,  the  catch  was  moved  through 
129  parts  of  the  micrometer,  each  of  which  was  tt??^  <>f  ^^  ^^^  '^^  quantity  129  was 
therefore  equal  to  0.0921  inch. 

Both  fides  of  the  compound  bar  were  then  carefully  filed  away  till  the  metals  were  eacK 
(as  near  as  could  be  afcertained)  only  half  their  former  thicknefs.  The  flexure,  by  a  like 
iliflTerencc  of  temperature^  as  in  the  former  trial,  now  proved  278  parts,  or  0.199  inch. 

The  bar  was  then  filed  to  about  |ths  of  its  original  thickneft^  ftill  preferving  the  rela- 
tive thickncfTes  of  the  metals.  Its  flexure  by  the  fame  heat  as  before  was  313  parts^  or 
o.  2  24  inch  \  in  which,  however,  from  the  fpring  of  the  thin  bar,  it  was  doubted  whether  the 
catch  had  been  moved  to  the  fame  diftance  as  the  bar  itfelf  might  have  moved  alone. 

On  confideringthcfe  deviations,  the  numbers  prove  to  be  inverfely  as  the  thickneflcs  of 
the  bars,  with  no  greater  error  than  might  arife  from  the  meafures  by  which  the  real 
thickneflcs  were  afcertained.  Thefe  experiments  may  therefore  be  fiud  to  agree  with  the 
theory  f . 

*  FiH  the  information  of  tlioft  who  may  not  be  acquaiued  with  the  pioocfles  «f  foldcriog,  I  nuft  obfcne, 
that  thi«  opcntton  confith  in  unitin^;  the  pieces  by  the  fufion  of  a  kind  of  kumfs,  which  contains  an  extnordi* 
nanp  ^ix>p<)ni(w  of  tine,  and  flows  into  the  joint  before  the  heat  is  fulEcient  to  mtlt  the  piectu  Tlus  kind  of 
wttrk  u  ill  bear  hamnterinj^  and  bendinjr.  bceaufe  the  folder  is  not  brittle.  Soft-fokkriag  it  cffcdcd  by  plumbcnT 
««ldci  or  un,  M^  hich  forming  a  kind  of  bell  metal  with  the  copper  is  brittle  in  the  joint,  and  therefore 
uvik  luunjexl  u>  luAain  tithcr  blo^^t  or  fiexurt, 
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ARTICLE    I. 

Ohfervattofis  on  TVater- Spouts  feen from  Nice.   ByM,  MiCHAUJD,  Correfpondcnt  with  the  Royal 

Academy  of  Sciences  at  Turin  *• 

W  ATE  R-fpouts,  as  Mr.  Senebier  remarks,  are  phenomena  which  arife  too  feldomy 
and  are  too  difficult  of  obfenratioDy  to  admit  of  our  forming  an  accurate  notion  of  tlieir  cir- 
c«mftanceS|  or  pointing  out  the  means  by  which  their  caufes  may  be  inveftigated.  Yetj  as 
nature  is  never  more  difpofed  to  explain  her  iecret  operations  than  in  fudi  as  are  performed 
on  a  great  fcale,  there  is  no  doubt  but  that  thefe  phenomena^  if  well  explained|  would  lead 
to  ufeful  refults  f • 

I  do  not  flatter  myfelf  with  the  hope  of  giving  a  complete  explanation  of  the  caufe  of 
water-fpouts,  fuch  as  M.  Senebier  appears  to  defire ;  but  as  the  true  explanation  can  only 
be  had  by  careful  and  frequent  obfervation»  I  hope  my  work  will  not  be  totally  ufelefs  if  it 
ihould  afibrd  an  additional  ftep  towards  the  defired  end. 

My  obfervations  did  not  in  ftri£lnefs  commence  till  the  6th  of  January  1789,  but  it  ap« 
pears  neceflary,  for  the  fatisfadion  and  information  of  my  readers,  to  mention  fome  fa£ls 
of  an  earlier  date.  I  muft  therefore  remark,  that  after  a  mild  fcafon  for  the  greateft  part 
of  the  month  of  December  17889  at  Nice,  where  the  winter  is  not  in  general  fevere,  with 
clear  weather  in  the  day-time,  our  atmofphere  underwent  a  total  diange  on  the  day  of  the 
new  moon,  which  was  the  27th  of  that  month.  On  that  day  a  very  violent  ftorm  of  wind 
aroTe,  attended  with  a  degree  of  cold  as  acute  as  ever  was  known  in  the  memory  of  man. 
I'he  iky  became  covered  with  clouds,  and  fnow  fell  to  the  depth  of  more  than  eight  inches*  . 

*  Turin  Mem.  VI. 
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fpottts  were  formed  near  us  on  the  night  between  the  a^tli  and  28th.  But,  as  I  did  not 
fee  them,  it  becomes  unnecciTary  for  me  10  e»hirge  upon  any  which  I  did  not  myfdf  clearly 
obferve. 

The  fevere  cold  had  frojen  th^fnow,  and  rendered  it  focompafi  that,  notwithftanding 
the  influence  of  fevcral  days  of  clear  wcatlier  foon  afterwards,  in  which  the  heat  of  the  fun 
was  very  perceptible,  there  was  not  the  leaft  drop  of  water  fell  from  the  eaves  of  the  houfe 
in  wliich  i  dwell,  which  is  expofed  to  the  fun  ii;  wiiitvT  for  eight  hours,  and,  being  fituated 
near  the  fea,  is  perfc£l4y  flicltered  on  the  north  ii/ic  by  the  emineoce  of  the  rockof  \he 
taftle.  This  faft  appeared  very  furprifing  to  me,  after  a  refidence  of  about  forty  years  in 
this  town.  Several  old  perfons  remarked,  that  this  fnow  would  wait  for  another  fall  before 
it  melted,   and  I  found  by  the  refult  t|iat  the  obfcrvation  was  true. 

On  Sunday  the  fourth  of  January  1789,  at  the  phafis  of  the  firft  quarter  of  the  moon^ 
the  cold  was  again  renewed,  and  continued  fevere  on  the  Monday  and  Tuefday.  At  eight 
in  the  morning  I  firft  obferved  an  immenfe  mafs  of  clouds  towering  upwards,  and  extending 
from  north-eaft  to  feuth,  which  rofe  towards  the  zenith,  by  advancing  to  the  weft  ward.  Ac* 
cuftomed  as  I  am  to  confider  thefe  cloud»  according  to  the  fyftem  of  my  old  ProfeiTor  of 
Natural  Philofophy,  Father  Bcccaria^-,  I  concluded  that  they  would  proceed  to  defolatc  our 
fields,  the  fruits  of  which,  particularly  the  oranges  and  lemons,  had  already  perifiied  by  the 
antecedent  cold.  And  as  a  ftrong  wind  then  prevailed  over  the  face  of  the  fea,  I  foretold 
tut  Vfff  two  .ddc;ft.fQa9i  that  Jt  wa^.v^ry  probabi*  we  might  difcoyer  fome  water-fpput  in  the 
courfe  of  ^he  day.  In  fa£l,  about  fwemiputes. after  ten  in  the  morning,  I  obferved  on  the 
fea,  at  the  diftance  of  not  more  than  a  mufket-ftiot  from  the  ftiore,  a  round  fpace  of  ten  or. 
twelve  toife»  in.diameter,  in^ which  the  water  dYdmotrtaUy  hoiX^x  Uit  feemeditestdf  to  boit 
Plate  XXIV.  fbr  there  appeared  all  rouad^  and-^fometiQie^  wtlbin  the  circle^.. vappurs  ia 
the  form  of  miftf,.  eight  K>ifc8, and  more  in  hi^ightf.  having 'thjc^ppearancey  though  oo  9, 
fcale  incomparably  larger,  of. thofe  vapours  whicltTife-from  the  Surface  of  waterrbsgimiuig 
to  fimmer.  I  ^faw- clearly  .that  thia  waa,.if  I  may  fo  exprefs  myfelfi  the.  embryo,  of  the  foot 
of  a  water-fpout  driven  along  by  the  wind,  while  the  clouds  were  not  fuflBctently  s^anced 
to  afitnrd  tbedera:  a  body.  It  cbntmoed  therefore  ta  xiKive  before  the  w4ad  firomeaft  to 
weft,  keepingrto  my  very  great  furprtfe^  its  furromding  vappura^  elevated  lifceiailsyi  not** 
withftanding  tbe^xtresie  force^impulfion  which^  drove  it  towards  tlie  Ihote.  AsfOQa  aa. 
it  came  near  the  land,  the  circle  was  contrtded,the  n^^fii  of*  vapour  became  of  lefs.dimepr* 
fions,  and  at  the  moment  it  touched  the  land  it  .waa  at  once  overfet  by  the  wind,  un- 
der the  appearance  of  a  long  train  of  niift,  fig.  i,  b,  wliich  was  fpieedily  diffipated*.  I  then  pec* 
ceived  that  the  hope  I  bad  formed  of  feeing  water^fpouts.  during  the  day^  was  on  the  point 
of  being  realteed  :  but  as  my  occupations  demanded  my  attendance  eifewhere,  1  chaiged 
my  two  eldeft  fons  to  watch- alternately  at  the  window,  in  order  that  the.  phennmenonjnight 
ndt  pafs  nnobferved. 

Atiaft,  about  eight  minutes  before  noon,  my  fecond  fon  came  to  me^  exdauning,  *<  Fa- 
ther, here  is  a  very  fuperb .  water-fpout."    His  eameilneis  ^Kcas  equal  to  that  of  a  failor^ 

^  Ele^cifme  Atmorpherique.    Wc  have  a  tranllation  in  Eagliih. 

5  who> 
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who,  after  a  long  and  tedious  voyage,  firft  tlifcovers  the  land.     I  followed  him  to  the  wrn- 

dow,  and  beheld  an  immenfe  watcr-fpont  paffing  majcftically  before  Nice,  as  reprfefcntW 
in  fig.  2.  The  clouds  had  already  occupied  not  only  the  upper  and  fouthern  part  of  die  at- 
mofphcre,  but  they  had  proceeded  towards  the  weft,  fo  as  to  covet  the  >fcholc  extent  with* 
in  my  view  5  with  this  circumftancc  neverthclefs,  that  they  had  left  uncovered  beneath 
and  towards  the  fouth  a  part  in  the  form  of  a-  fegment  of  a  circle,  through  which,  at  an 
extreme  diftance,fome  clouds  were  difccmed,  upon  which  the  furi  threw  the  tolours  of  the 
morning. 

The  foot  of  this  water-fpout,  which  was  in  every  refpcft  infinitely  fuperior  to  that 
which  Meiirs.  Papacln,  Renaud,  and  myfclf,  obferved  in  1780,  \^as  fo  am^ple,  that  a 
man  of  war  of  100  guns,  with  all  its  fails,  might  have  been  enveloped  and  even  concealed 
in  it.  For  we  are,  from  daily  praAice,  fufficiently  accuftoraed  to  judge  of  the  (ize  of  ob- 
jeAs  at  different  diftances  by  that  of  the  image  formed  upon  the  retina,  aflifted  by  our  ha- 
bitual reafohing.  And  hence,  from  the  circular  form  of  the  foot  of  this  water-fpout,  fonie 
judgment  may  be  made  of  the  volume  of  vapour  it  afforded. 

Inftead  of  the  tranquillity  it  exhibited  at  its  firft  appearance,  this  lower  part  afTumed  the 
refemblance  of  the  crater  of  a  volcano,  with  this  exception,  that  it  threw  out  nothing  but 
large  ftreams  of  cloud  and  fpouts  of  fea-wat^r.  But  it  threw  thefe  in  parabolic  ftrealnis 
from  the  centre  to  the  circumferencCi  and  all  around,  with  fuch  impetiiofity  and  violenoe 
as  to  render  it  very  evident  to  us,  that  an  inexpreflible  cffen^efcence  muft  haVe  prevailed 
in  the  interiot  bafon,  though  the  great  diftance  and  the  opacity  of  the  furrounding  vapour 
prevented  us  fVom  feeing  the  phenomena  as  diftinflly  as  we  faw  the  ebullition  of  the  wi« 
ter-fpout  o^  1780*. 

The  diameter  of  the  water-fpout^  and  tliat  of  its  expanded  upper  part,  were  large  in  pro- 
portion. Its  colour  was  a  very  deep  indigo,  the  fame  as  that  of  the  clouds,  which  extended 
from  eafl!  to  weft.  It  was  impoffible  for  us  to  obferve  the  afcent  of  the  vapours  of  frefi 
water  \  but  the  ob[fervation  of  1 780,  in  which  this  was  clearly  fcen,  fupplies  this  defeat. 
It  will  alfo  be  (hewn  that  the  afcenfion  was  again  feen  in  a  moft  complete  manner. 

While  we  were  looking  at  tnis  extraordinary  appearance,  which  my  fons  beheld  for  the 
firft  time,  and  which  feemed  to  have  concentrated  all  their  fenfes  in  one,  on  a  fudden  an 
impetuous  fliower  of  hail  difcharged  itfelf  againft  the  windows  in  grains  of  the  Gze  of  piT- 
tol  and  muflcet  balls.  We  immediately  fufpended  our  obfervations,  in  order  to  clofe  the 
(hades  of  both  ftories  of  the  houfc,  in  wliich  the  whole  family  aflifted,  for  fear  of  having 
the  windows  abfolutcly  broken  to  pieces,  as  happened  a  few  years  before.  But  I  foon  per« 
ceived  that  this  precaution  was  abfolurely  ufelefs^  or  at  leaft  unnecefTary.  For  the  hail^ 
though  in  a  few  minutes  it  covered  the  ground  to  the  height  of  four  inehes,  did  not  in  the 
leaft  damage  the  trees  in  the  garden  behind  our  houfe.  It  confifted  merely  of  larjge  flakes 
of  fnow  rounded  by  the  wind  in  their  fall,  and  poflcffing  neither  the  weight  nor  the  hard- 
nefs  of  hail.  Upon  opening  fome  of  the  pieces  I  found  theitv  to  confift  of  a  thin  compa£l 
fficU,  nearly  empty  within,  excepting  a  few  rays  from  the  centre  to  the  circumference. 

*  See  die  Journal  <!c  Phyfique,  XXX.  Partf.  1*^4.  for  Obfervation  fur  xjnc'Tromhe  de  Mcr,  ftitc  a  NiCfe 

it  Pix>Tence  en'  f  7S0,  et  adidicfli^  I  M;:Faufu  de  S^.  Fond,  par  M.  Michaud.    The  fa£ii  aire  left  minutely 

iavdi  but  nearly  agree  with  the  prefent  memoir,    ^. 
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The  degree  of  congelation  In  thefe  balls  was  fo  flight  that  they  began  to  melt  the  moment 
they  touched  the  ground,  and  accelerated  the  fuCon  of  the  fnow  which  had  fallen  before. 

This  frozen  fnow,  which  during  its  fall  had  obfcured  the  air  fufficiently  to  prevent  our 
feeing  the  water-fpout  through  the  blinds,  having  ceafed,  we  refumcd  our  ob£rrvation§ 
with  all  poflible  diligence,  and  beheld  another  water-fpout  fomewhat  inferior  in  magni- 
tude to  the  former  which  had  difappeared.  It  followed  nearly  the  fame  courfe  as  the 
other.  By  the  account  of  time  employed  by  each  in  its  fuccefllve  paflage,  I  eftimated  that 
the  onet>efore  us  mud  have  been  the  third ;  neverthelefs,  by  confining  my  narration  to  what 
I  really  faw,  it  mud  be  confidered  as  the  fecond  only.  This  water-fpout  having  continued 
its  courfe  towards  Antibes,  we  obfcrved  that  it  began  to  contrad  in  all  its  dimenfions,  tome 
time  before  it  arrived  at  the  fhore,  and  that  the  foot  was  reduced  to  nothing  when  it 
touched  the  ground.  It  contra6ied  infenfibly  upwards,  the  expanded  conical  part  became 
broader  and  more  rare,  and  the  whole  joined  the  mafs  of  clouds  in  the  fame  manner  as 
ofie  mid  incorporates  with  another.  There  mud  confequently  be  fome  error  in  the  account 
of  the  obfervation  of  1780,  where  I  fay  that  the  fpout  withdrew  upwards  as  quick  as  light- 
ning. This  expreffion  gives  too  precipitate  an  idea  of  the  diflblution  of  the  water-fpout. 
Having  thus  kept  fight  of  it  until  its  total  extindion,  I  returned  towards  the  place  where 
I  had  difcovered  the  fird  water-fpout,  and  was  greatly  furprifed  at  difcovering  a  new  foot 
ready  formed,  without  any  defcending  fpout  a,  fig.  3,  Plate  XXV.  My  adonifhment  wa^ 
founded  on  thefe  three  circumdances: 

1.  The  exidence  of  the  foot  of  the  water-fpout  without  its  dem  or  body.  For  before 
this  obfervation,  and  from  the  fadts  in  1780,  I  confidered  it  as  indubitable  that  the  enve- 
loping matter  of  the  foot  or  recipient  was  a  produ£tion  of  the  body  of  the  water-fpout  it- 
felf,  or  an  expanfion  of  its  proper  fubdance.  Now  I  faw  clearly  enough  in  this  phenome* 
xion  the  identity  of  the  fubdance  which  compofes  clouds  and  mids,  and  that  it  was  not  fup- 
plied  by  the  water-fpout.  The  embryo  of  the  fpout  which  I  had  feen  at  ten  o'clock,  ap- 
peared to  fliow  that  it  was  probably  produced  by  the  fea. 

2.  I  was  furprifed  to  fee  that  this  foot  was  dationary  at  the  place  of  its  formation,  where- 
as thofe  which  I  had  before  feen  were  carried  fwiftly  along  by  the  wind.  For  though  it 
was  not  impoifible  but  that  this  foot  might  be  carried  by  a  motion  along  the  line  of  fight^ 
and  confequently  notj)erceptible  by  me  *,  it  was  at  lead  certain  that  it  gained  nothing  from 
ead  to  wed,  that  is  to  fay,  from  my  left  to  my  right,  the  dire£lion  in  which  the  fea,  the 
clouds,  and  the  other  water-fpouts  which  had  travelled  fo  far  in  fo  fhort  a  fpace  of  tlme^ 
were  carried. 

3.  I  was  adonifhed,  that  the  body  of  the  water-fpout  being  wanting,  which,  according 
to  my  notions,  might  increafe  the  intenfity  of  the  power  by  which  this  appearance  is  pro- 
duced, it  was  neverthelefs  pofFible  that  this  envelope  fliould  be  capable  of  remaining  up- 
right and  dationary.  In  this  uncertainty  I  fufpended  my  reflexions  to  obferve  the  refult. 
I  remarked  a  kind  of  teat  or  protuberance,  b,  fig.  3,  projcfting  obliquely  from  the  lower 
part  of  the  clouds  which  arrived  from  the  ead.  The  foot  continued  motionlefs,  and  the 
protuberance  prefervcd  its  oblique  dircflion,  till  the  moment  when  by  the  aftion  of  the 
wind  it  arrived  at  the  foot;  at  which  indant  we  all  three  obferved  the  protuberance  dire£fc 
itfelf  perpendicularly  towards  the  foot,  and  like  an  immenie  fack  of  gauze  unroll  itfelf 

6  froim 
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from  the  extremity  e^fig.  3 }  when  the  folds  of  this  fack  difappeared,  and  the  body  of  the 
water-fpout)  which  was  grey  and  tranfparent,  fixed  itfelf  in  the  bottom  of  the  foot^  af« 
fumed  the  vertical  portion,  and  became  larger  in  diameter.  My  fecond  fon^  who^  is  well 
as  his  elder  brother,  poflefles  a  very  clear  fight,  immediately  exclaimed,  ^  See,  father^  how 
rapidly  the  vapours  fly  up  through  the  bag."  I  faw,  in  fad,  that  they  feemed  to  expand  it 
with  a  kind  of  tenfion,  at  the  fame'time  giving  it  a  deep  indigo  colour,  which  was  commu- 
nicated to  the  cloud.  At  the  fame  inftant  the  colour  of  the  whole  water-fpout  became  fo 
deep  that  we  could  diftinguifh  no  motion  in  its  expanded  part.  We  obferved  only  that 
the  whole  phenomenon  moved  from  eaft  to  weft,  and  was  dcftroyed  on  the  coaft  of  Pro- 
vence. Laftly,  a  fourth  was  formed,  which  was  deftroyed  in  the  fame  manner,  without 
any  fuch  reproduflion,  beyond  the  hills  of  Antibes,  as  I  obferved  in  1780,  becaufe,  their 
courfe  bein^  more  oblique  towards  the  north,  they  could  not  meet  the  gulph  Jean,  and 
the  prolongation  of  their  track  was  altogether  over  land.  A  fall  of  fnow  fucceeded  imme- 
diately afterwards,  which  was  of  the  ufual  denfitjrand  configuration.  It  laftedall  the  reft 
of  the  afternoon  and  the  following  night,  fo  that  on  the  following  day  there  was  as  much 
fnow  on  the  ground  as  before.  It  afterwards  rained  for  a  long  time,  which  cleared  the 
country  of  the  fnow  that  had  accumulated.  As  the  impetuous  wind  of  the  preceding  daj 
continued  with  undiminiftied  force  through  the  whole  night,  and  the  other  acceflary  cir- 
cumftances  were  likewife  prefent,  I  think  there  is  reafon  to  conclude  that  new  water-fpouts 
muft  have  been  formed  in  the  afternoon,  an^  perhaps  in  the  night  of  the  6th ;  but  the  o)>- 
fcurity  of  the  atmofphere,  from  the  fall  of  fnow,  did  not  permit  me  to  obferve  them.  I 
ihall  therefore  proceed  to  make  fome  remarks  oh  the  wind  which  caufed  this  phenomenon. 

Though  the  velocity  of  this  wind  wa^  nearly  equal  to  diat  of  the  greateft  ftorms  in  our 
feas,  the  waves  were  not  proportionally  deep.  Two  circumftances  appeared  to  concur  in 
producing  this  efie£l ;  the  firft,  that  by  the  form  of  our  coaft  an  eaft  wind  cannot  have 
pafled  over  fo  great  an  extent  of  fea  as  a  wind  from  the  fouth-weft,  from  which  quarter 
our  greateft  ftorms  come.  This  caufe  is  conftant  with  regard  to  our  local  fituation.  Tlie 
other  circumftance  was,  that  the  wind  did  not  blow  obliquely  downwards,  but  moved 
parallel  to  the  furfaee  of  the  fea.  This  fuppofition,  which  is  the  only  one  that  requires 
proof,  was  confirmed  at  the.  time  of  obfervation  by  the  appearance  of  a  fmall  Catalan 
veflel,  which  the  wind  of  the  6th.of  January  blew  aOiore  near  Nice.  I  faw  her  pafs  before 
my  windows,  driven  by  a  force  (he  was  incapable  of  refifting.  She  did  not  labour  much,  but 
came  to  an  anchor  at  a  little  diftance,  from  Vhich,  however,  the  violence  of  the  wind 
drove  her  on  fliore,  though  without  confiderable  damage,  fince  ihe  was  got  off  a  few  days 
after,  and  purfued  her  voyage.  The  force  of  this  wind  was  feen  not  only  in  the  inftance 
of  this  veflel,  Ijut  in  a  confiderable  number  of  others  which  were  loft  on  the  neighbouring 
fhores. 

It  is  an  obfervation  very  agreeable  to  the  opinion  of  Profeflbr  Toaldo,  and  at  the  fame 
time  well  eftabliflied  by  every  obfervation  I  have  made  fince  I  directed  my  attention  to  the 
phenomena  of  water-fpouts,  from  .the  beginning  of  1789  to  the  19th  of  March  in  the  fame 
year,  on  which  d:^y  we  obferved  thofe  which  I  ihall  prefently  defcribe  :  it  is  a  confirmed 
ob£Brvaiion»  I  fayy  that  the  phaief  of  the  moon  are  agcompanied  with  a  change  of  weather. 

It 


ti2  Obf^yvtitiotts  M  ihi  PjirmaiioH  and 

Jtia  certain  tl»t  tlic  cold  weather  which  fuddcnlycamc  on  wuh  the  new  meon  of  the  a7Ch 
of  December^  rcp^rreil  again  ex^ftly  at  each  new  ph^Gs.  I  cannot  be  deceived  in  this  r©- 
fpe£^  becaufe  the  chimney  of  my^^toient  fmoked^ach  time,  and  did  not  fmoke  but 
4uiing  this  accidental  cold.  Two  day^  afterwards,  when  the  weather  became  milder,  this 
chimney  aded  as  ufual,  and  did  not  fmoke  again  until  the  following  change.  I  could  urge 
many  other  circumllances  in  favour  of  the  opinion  of  Mr.  Toaldo  ;'but  l.forbear,  becaufc 
they  are  foreign  to  my  prefent  fubjeA. 

LafUy,  on  the  i9tb  of  .March  the  wind,  which  had  begun  the  preceding  evening,  blew 
with  a  degree  of  impetuofity  le(s  than  that  of  the  6th  of  January.  The  clouds  were  accw* 
mulated  from  theeafl;  towards  the  weft,  but  they  were  much  kfs  condenfed  than  at  that 
time.  At  forty  minutes  after  eleven  in  the  morning,  we  obferved  two  water-fpouts,  a,  b, 
Plate  XXV.  fig.  4,  which  moved  at  the  fame  time,  the  one  after  the  other.  The  moft  re«- 
markable  circumllances  in  thefe  water-fpouts  were  :  i.  The  prodigious  enlargement  of 
tha  protuberance  d,  fig*  4,  from  the  extremity  of  which  huqg  the  eficfUve  fpout  b,  which 
was  incomparably  thinner  ^  but  the  wonder  difappears,  when  wcrefle£l  that  the  following 
fpout,  which  maintained  itfelf  in  the  fiime  (late  as  thofe  we  had  before  obferved,  robbed 
the  preceding  one  in  fome  mcafure  of  its  fupport  \  fo  that  this  enlargement  was,  as  it  wer^ 
a  commencement  of  difiblution,  and  the  thinnefs  of  b  was  a  proof  of  the  little  intenfity  of 
cle&ric  power  then  acting  -,  a  conclufiou  which  is  alfo  confirmed  by  the  foll<\wing  circum* 
ftances.  a.  The  incapacity  in  the  feet  of  thefe  two  water-fpouts  to  elevate  their  fur* 
rounding  plumes*  li;  is  feen,  a  b,  fig<  4,  that  they  were  reverfed  by  a  force  ^diich  pre* 
ventfi4.  tbeir  rifing  in  a  perpendicular  <iipe£lion,  like  thofe  of  d>e  preceding  water- fpouts^ 
At  the  extremities  of  the  plumes  here  defcribed,  ifi  well  as  at  the  centre  of  the  circle  near 
thcfurface  of  the  (ea,  there  was  formed  a  fmall  atmofphere  :  but  as  it  was  not  extenfive^ 
the  vapours  were  fo  few  that  we  had  very  little  (how,  which  continued  for  about  half  aq 
homf  %  when  the  weather  cleared  up,  During  the  tnoGtion  of  thefe  water-fpouts  very  di&, 
taiy:  thunder  was  heard  five  or  fix  taraest 

In  the  interval  between  the  obfervations  of  the  6th  of  January  and  the  19th  of  Marcb^ 
other  water-fpouts  muft  have  been  formed  on  the  coafts  of  Provence.  It  is  certain,  at  leaft, 
that  I  faw  the  appendices  projeding  from  the  clouds,  and  that  the  produ£l  of  frozen  fnow 
reached  out  firft  hills  on  this  fide  of  the  Var ;  but  aa  my  profped,  being  limited  by  the 
ipountains  of  Province,  did  not  allow  me  to  fee  thefe  water-fpouts  in  fuch  a  manner  as  to 
make  apy  dr^iiung  or  defcription,  I  {hall  here  conclude  my  obfervations,  and  attend  to  the 
refults. 

I  don- 1  know  whether  I  am  mifled  by  partiality  for  my  owti  obfervations,.  when  I  ex* 
prefix  my  opinion  that  the  fa£ls  noted  by  me  on  the  12th  of  April  1780  are  o(  great  value 
in  natural  philofophy,  as  well  becaufc  of  the  vicinity  of  the  water- fpout  which  appeared 
that  <lay,  as  of  the  tr^nfparency  of  the  furroundmg  vapours  of  the  foo^,  which  .eahtttcd  the 
ijiterior  ebullition  with  fcarcely  anf  obfcurity.    Whencie  it  folI#>ws^  ,  t 

1 .  That  there  is  a  real  ebullition  in  the  fea,  at  the  place  cireumiicribed  by  the  foot  of  thr 
water-fpout. 

2.  That  the  vapours  of  the  watei:  which  muft  arifc,.are  thir  pzoduft  of;  axv  evapoisUioA* 

which 
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which  muft<epante£»lh.  watcs  from  the  fab;,  it  bemg  afcerta^^      by  experimeati  that 
ciiftUlation  is  the  only  method-by  which- fea- water  can  be  rendered  completely  fre(h. 

I  (ImU  take  the  liberty  in  this  place  to  make  ufe  of  a  comparifony  by  way  of  explaining 
more  perfe£^ly  the  phenomenon  we  at  that  time  behfcldk  It  will  not  probably  be  unac- 
ci^puble  tofuchas  have  never  fcen  a  water-fpout^  at  leaflfin  fo  favourable  a  pofition.  &up-^ 
pofc  the  chimney  of  a  baker's  oven,  fuchas  we  have  at  Nice,  in  which  the  fuel  commonly 
burned  confids  of  branches  of  pine  recently  broken  from  the'  tree^  and  fuSicieht  to  bake 
large  quantitiesof  bread  v  let  this  chimney  be  imagined  to  be  in  the  {late  of  throwing  out 
immenfe  clouds  of  vapour  and  fmoke.  Suppofe  a  funnel  of  glafe  to  be  adapted  to  the 
aperture  at  the  lower  part,  and  to  have  its  diameter  enlarged-  up^lrards,  until  it  terminates 
in  a  very  extended  veiTel.  It  may  eaGly  be  conceived  that  the  afcending  vapours  will  be  fo 
preiTed  together  in  the  narrow  neck  of  the  glafs,  as  to  fender  it  opake,  without  permitting 
the  fuccelhve  undulations  of  the  vapour  to  be  difcerned.  But  in  proportion  as  they  pro- 
ceed further  from  the  caufe  of  motion,  which  is  the  fire  of  the  oven,  and  arrive  at  ^  part 
of  the  glafs  where  they  have  room  to  expand,the  vapoursj  being  lefs  condenfed,  will  exhi- 
bit their  peculiar  nnotions,.  and  the  fucceffiye  eruptions  of  the  fmoke  will  indubitably  be 
feen.  In  this  imaginary  experiment,  let  the  foot  be  fuppofed  to  be  ab(lra£^ed  \  let  the  af- 
cqnding  vapour  be  Amply  that  of  boiling  water,  and  the  conical  tube  of  glafs  here  con- 
templated, will  afford  a  natur^  reprcfentation  of  the  phenomenon  obferved  in  1780,  and 
confirmed  on  the  6th* of  January!  I 7j95). 

.It  may  per haf)»&  be  objefSled)  that  thefe  fa£h»  do  not  at  all  agree  with  Profeffot  Mufchen- 
broek^s  theory- of  waterrfpputs^  giv^n  in  his  Effai  de  Phyfique.  This  objetiion  waa  ftarted 
by  all  my  philofopbieal  ac^iwintance  agajfift  th^  report 'of  our  obfervatioo  in  1780,  and  en- 
gaged me  to  fltfpetid'the  putrficatiolrbf  my:  memcSr  for  ftvehil  years,,  becaufe  it  was  not 
poffible  to  recpnciV:  the  meafis  eAipJoyed  by  nSiture  in  the-produAion-of  watcWfpouts,  nor 
their  ufe,  with  the  ideas  of  the  celebrated  DutcHProieflbrf  Befides  which,  having  only  one 
obfervation  to  cfFer,  though  well  fupported  by  the  teftimony  of  two  refpe£lable  perfons,  I 
flattered  myfelf  that  I  might  remove'  all  the  difficulties  by  reprefenting  a  water-fpout  in  the 
fame  manner  as  lightning  and  thunder  are  imitated  by  the'  ele^rical  machine.  For  it 
feemed  to  me  at  that  time,  and  ftill  appearsto  he,  a  thing  very,  pradlicable.  But^tt  pre-, 
fent,  by  a -new  feries  of  obfervations  in  confirmation  of  that  of  1780^  I  fee  clearly  that  the 
proceffes  of  nature  are-  very. different  from  thofe  pointed  out  by  Profeilbr  Mufchenbroek^ 
That  enlightened  and  moft-accurateobferver  had  no  opportunity  of  examining  this  pheno- 
menon in  a  favourable  pofition  himfelf,  and  has  been  equally  unfortunate  in  the  explanation 
of  the  fuppofed  defcent  of  water,  which  really  afcends  in  water-fpouts,  as  well  as  in  the  for* 
mation  of  the  foot,  which  according  to  his  theory  is  a  mafs  of  fea-water  in  its  natural 
ftate.  I  can  affirm  without  fear  of  contradi^ion  by  experience,  that  this  foot  or  atmo«  ' 
fphere  as  it  may  be  called  is  nothing  but  the  niatter  of  clouds  a^nd  mift's. 

It  muft  moreover  be  remarked,  that  in  the  time  of  Mufchenbroek  the  theory  of  ele£lri- 
clty  had  made  fo  little  progrefs»  that  he  did  not  avail  hinxfelf  of  it  in  the  account  of  fiery 
meteors-  It  is  tlierefore  lefs  wonderful  that  he  fhould  not  have  recurred  to  it  in  his  theory 
of  water-fpouts. 

What  then  Is  the  agent^  It  may  be  aike<i|.  w^ch  caufeis  this  ebullition  in  the  fea,^  and 
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rftifes  the  vapours  through  the  water-fpout  to  the  cloud  ?  Simply  to  affirm  that  this  agent  is 
elcdricity,  without  further  proof,  is  in  faft  to  fay  nothing.  To  this  queflion  I  muft  anfwer^ 
that  I  have  exliibited  the  produ As  of  obfervation  :  I  have  related  what  I  have  moft  olearly 
feen.  I  think  I  can  difcem  the  caufe  without  being  able  to  exhibit  proof :  but  I  (hall  be 
happy  to  be  anticipated  by  philofophers  of  greater  (kill  in  this  theory,  and  think  it  better  to 
fUfpend  my  judgment  than  yield  to  the  fedu£live  pleafure  of  explaining  every  thing  by  adding 
to  the  mafs  of  error  in  natural  philofophy. 

The  fecond  fa£l  which  prefents  itfelf  in  our  obfervations  is,  that  two  caufes  unite  in  the 
formation  of  water- fpouts,  or  rather  two  different  modifications  of  the  fame  caufe.  When 
the  foot  appears  without  the  water-fpout,  it  is  not  the  produ£live  caufe,  but  rather  an  efier-* 
vefcence  which  prevails  in  the  fea  at  that  place.  But  how  manyintereftingqueftions  mig^t 
be  aiked  refpe£king' this  part  of  the  phenomenon  I  What  caufe  is  it  fo  powerful  as  to  retain 
the  foot  a,  fig.  3,  and  keep  it  motionlefs,  notwithftanding  an  impetuous  eafterly  wind,  until . 
the  proje£lton  in  the  cloud  which  is  to  form  the  water-fpout  (hall  arrive  dire£Uy  over  it  ? 
Was  the  apparent  bag  which  developed  itfelf  from  the  cloud,  pre-exiftent  in  the  projecting 
part  ?  As  I  can  make  no  fatisfa£lory  reply  to  thefe  and  other  quellions  which  might  be 
propofed,  I  (hall  proceed  to  the  third  remarkable  fa£l. 

3.  When  the  foot  of  a  water-fpout  begins  to  approach  the  earth,  its  diameter  contrads^ 
its  height  is  dimini(hed,  and  its  volume  becomes  lefs  and  lefs }  fo  that  the  foot  is  reduced  ta 
nothing  at  the  inflant  It  touches  the  (hore.  From  the  attentive  examination  I  have  made,  it 
has  appeared  that  the  foot  even  of  thegreateft  water-fpout  s  began  to  diminilh  when  the 
depth  of  the  fea  beneath  became  lefs  than  the  elevation  of  the  foot  itfelf  above  the  furfacc. 
If  this  be  true,  as  I  think  it  is,  it  may  be  concluded  that  the  efiervefcence  which  fupplies  the 
fpout  with  water,  and  forms  the  furrounding  vapours  of  the  foot,  extends  itfelf  in  depth 
nearly  as  much  as  the  foot  itfelf  rifes  above  the  fea,  and  that  materials  for  the  fupply  of 
vapour  become  defeftive  in  quantity  in  proportion  to  the  ihallownefs  of  the  water. 

Explanation  of  the  Drawing* 

FIG.  I.  Plate  XXIV.  reprefents  the  imperfed  foot  a  of  the  water-fpout  feen  on  the  6th 
of  January  1789,  at  five  minutes  after  ten  in  the  morning.  On  the  left  hand  are  feen  the 
clouds  which  rife  towards  the  zenith,  but  ftill  confiderably  diftant.  This  foot  had  plumes 
elevated  nearly  like  fails,  and  was  driven  towards  the  (hore  by  the  wind.  In  proportion  as 
it  came  near  the  land  it  contraAed,  and  was  reduced  into  a  column  of  mift,  which  the 
wind  ovcrfct  on  the  land  the  moment  the  fupply  of  water  was  wanting. 

Fig.  ^  reprefents,  letter  a,  the  enormous  water-fpout  obferved  on  the  fame  day  at  eight 
mtnutes  before  noon.  Nothing  could  more  nearly  refemble  a  (hip  of  war  on  fire  than  this 
phenomenon,  excepting  that  no  flames  appeared.  I  have  endeavoured  to  (hew  the  con-  " 
tinual  jets  of  its  furrounding' vapour,  and  of  the  water  which  iflued  from  the  centre.  At  b 
are  feen  the  remains  of  a  water-fpout  after  it  has  been  deftroyed  by  the  foot  having  touched 
the  ground. 

Fig.  3.  Plate  XXV.  a  reprefents  tlie  foot  of  the  fecond  water-fpout  ready  formed,  which 
was  probably  the  third.  It  has  yet  no  fpouc.  A\.  b  is  feen  a  protuberance  tending  obliquely 
towards  the  ea(t,.  and  advancing  co  the  weft  with  tlie  cloud  to  which  it  is  fufpended.  'At 
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the  letter  c  it  may  be  obfcrved  how  the  protuberance  b  having  arrived  over  the  foot  a  be- 
came vertical,  and  unrolled  itfclf  inftantljr  in  a  kind  of  large  bag,  of  the  figure  of  an  inverted 
cone,  nearly  tranfparent,  liLe  gauze.  As  foon  as  this  bag  compofed  of  the  matter  of  the 
cloud  had  developed  itfelf,  which  occupied  the  time  of  three  or  four  feconds,^and  had  fixed 
its  fmall  extremity  in  the  bottom  of  the  foot  d,  it  became  ftraight,  without  folds.  A  vapour 
like  that  feen  in  1 780  immediately  rofc  up  the  tube,  extended  it  in  the  form  of  a  watcr-fpout, 
deprived  it  of  its  tranfparency,  gave  it  a  deep  indigo-colour,  like  that  of  the  clouds,  and  at 
the  fame  inftant  the  foot  and  the  fpout  were>moved  from  ead  to  weft,  and  followed  the 
courfe  which  the  impulfe  of  the  wind  gave  to  the  clouds  to  which  the  fpout  was  attached. 
This  fpout  being  deflroyed,  the  following  fpout  exhibited  the  fame  phenomena  as  the  others. 
It  muft  be  remarked,  that  the  diftance  of  the  protuberance  b  from  the  foot  already  formed 
at  a  could  not  be  augmented  in  the  figvre  y  but  this  protuberance,  when  firft  obferved,  wat 
at  more  than  a  league  diftant  from  a,  whicj:i  remained  motionlefs  till  its  arrival.  It  is  pro- 
bable that  it  may  have  arrived  from  a  ftill  greater  diftance.  It  is  alfo  to  be  notedj  that  the 
fpouts  2  and  3  were  fomewhat  lefs  in  all  their  dimenfions  than  the  firft. 

Fig.  4.  exhibits  two  water- fpouts,  whidi  were  feen  following  each  other  on  the  19th  of 
March.  The  wind  was  lefs  ftrong  than  on  the  6th  of  January,  the  fea  lefs  agitated^  the 
clouds  lefs  accumulated,  and  lefs  deep  in  colour.  The  intenfity  of  the  phenomenon  was 
alfo  proportionally  lefs.  It  may  be  feen  at  a  and  b  that  the  furrounding  plumes  of  the  • 
foot  had  not  the  power  to  raife  themfelves  up,  as  in  the  preceding  figures,  but  were  kept 
down  by  the  wind.  The  enlargement  of  the  upper  part  of  the  fpout  d  appeared  to  be  a 
commencement  of  dtflblution,  fuch  as  was  obferved  at  b  fig.  2.  Thefe  two  water-fpoutt 
proceeded  to  the  point  of  N.  Dame  de  la  Garde,  beyond  Antibes.  Thofe  of  the  6th  of 
January  reached  dit  ftore  between  the  town  of  Antibes  and  the  mouth  of  the  Var.  Tlie 
line  they  defcribed  from  the  time  we  firft  faw  them  to  that  of  reaching  the  ihore  may  be 
cAimatei  at  five  or  fix  common  leagtie^. 

Advertifemitit  refpening  the  Figures. 

THE  magnitude  of  fig.  i.  in  thefe  drawings  muft  not  be  confidered  a)s  proportional  tn 
thofe  of  the  figures  a,  3,  4.  The  firft  water-fpout  pafled  at  no  greater  diftance  than  a 
rauiket-(hot  from  our  windows }  the  others  were  at  the  diftance  of  "two  or  three  leagnes. 
It  is  neceffary  to  make  allowance  for  what  the  firft  gained  by  its  nearnefs,  and  the  others 
loft  by  their  remote  fituation^  in  order  to  form  a  judgment  of  the  refpc£live  fize  of  each 
fappofed  to  be  at  the  fame  diftance. 


II. 
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Experiments  and  Obftrvations  on  the  Injlcxion^  Reflexion y   and  Cole nrs  of  Light. 

By  Henjiy  Brougham^  jMti.  Efq.  . 

[Coocludtd  from  pa{c  5^3.]  ■    j 

l"iAVlN6  endeavoured  tt3-  nrifcld  the  properryof  ffcilbiltty,  as  varied  in  inflfcxiori,  de-  * 
flexion  and;  rdflexion  j   and  alfo  the  phyfical  caufe  of  this  ptcf^rtyv  affid  having  iitdlilgcd  in 
a  fpcculation  depending  on  this  caufe,  I  flatter  myfelf  neither  altogether  ufelpfs  00^  uhim- 
VoL.  I. — March  1798.— Suppl.  4  F  portant  \ 
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portant ;  1  haften  now  to  tlie  natural  phenomena,  the  explanation  of  which  depends  osc 
the  property  whofe  e  idence  and  nature  wc  have  jull  now  been  inveli^ating ;  and  that  wc 
may  treat  this  part  of  the  fubjefl  with  concifencfs  and  order,  y/t  (Tiall  rank  the  phenomena 
under  a  divifion  Gmilar  to  that  under  which  we  laid  down  the  principles,  beginning  with 
thofe  appearances  which  are  cxpHcabI-  on  the  principles  of  flexion. 

1.  It  is  obfervabh,  that  when  a  bovly  is  expofcd  in  the  fun's  li;:ht  h  as  to  caft  a  fliadow,. 
and  another  body  is  approached  to  ir,  either  between  the  fun  and  it,  or  the  fliadow  and  it, 
or  in  the  fame  line  with  it,  the  fliadow  of  the  one  body  comes  out  a  confiderable  way,  and' 
meets  that  of  the  other.  Now  it  is  evident,  t;iat  when  the  bodies  are  held  at  a  fufTicient  dif- 
tancc  from  one  another,  a  penumbra  is  formed  round  the  fhadow  of  each,  makmg  it  Icfs 
than  it  (hould  be  were  there  no  inflexion  ;  but  when  the  bodies  are  brought  fo  clofc  to  one 
another  that  the  edge  of  the  one  is  within  the  fpherc  of  the  other's  inflexion,  the  light  being 
already  bent  by  ihis  lad,  the  forn^r  can  have  none  to  bcnd^  and  confcqucntly  no  penrnn*- 
bra  in  the  pavt  of  the  (hadow  correfponding  to  that  part  of  the  body  which  is  within  the 
other*^  fplrerc  of  mflexion  ;  and  the  reft  of  tlic  (hadow  having  a  penumbra,  this  part  that 
has  none  will  be  larger  than  it,  and  increafe  as  the  bodies  approach,  till  at  hfl  it  meets 
the  other  (hadow :  the  like  appearance  happening  when  the  iliadows  are  thrown-  on  the 
eye.  Mr.  Melvill  has  endeavoured  to  (hew  that  it  belongs  fimply  to  a  cafe  of  vifion*; 
However,  we  hare  now  fctn  that  it  has  no  reference  to  the  ftruclure  or  pofition  of  the  eye, 
but  ofdy  to  the  common  nature  of  all  (hadowsf. 

2.  If  we  (hut  out  all  the  light  coming  into  a  foom  from  external  objefls,  except 
what  may  pafs  through  a  fmall  hole  of  i  or  \\\t  of  an  inch  in  diameter,  the  images  of  the* 
external  objects,,  as  clouds,  houfes,  trees,  will  be  painted  on  the  oppoAte  wall  by  the  rays^ 
of  light  croffing  at  the  hole*,  but  if  a  piece  of  rough  glafs  or  of  very  fine  paper  be  held  fo 
as  to  cover  it  all  over,  the  light  does  not  pa(s  through;  then  if  the  paper  Jbe  wetted  with 
oil,  ox  the  glaOs  widi  water,  fo  as  to  give  either  a  fmall  degree  of  tranfparency,  the  fird  rays 
that  come  through  are  thofe  from  red  and  orange  objects,  and  laft  from  blue  and  viokt*. 
Now  it  is  evident  that  tranfparency  in  general,  and  this  particular  fa£l,  are  explicable  by 
what  was  before  laid  down.  It  was  found  by  Newton,  that  a  body  tranfmits  the  light  inci* 
dent  on  it  more  or  lefs  according  to  the  continuity  of  its  particles ;  and  that  a  ftrong  re* 
flexion  takes  place  on  the  confines  of  a  vacuum  j::  How  does  ihis  happen  ?  The  initnit 
velocity  of  light  is  fufHcient  to  carry  it  through  the  firft  furface  or  fet  of  particles ;  but  it  is 
(b  much  diminUhed  that  it  is  refle£led  by  the  repulfive  power  of  the  back  fideof  thefe  paTti^* 
cles,  unlefs  there  be  others  behind  at  a  certain  diftance,  namely,  that  at  which  inflexion  or 
attra£lion  a£ts,  that  is,  apparent  contafl :  this  attra£^ion  renews  the  impetus  of  Ught,  and- 
tranfmits  it  to  another  fet,  and  fo  on.  Now  this  a£lion  being  firongeft  on  the  largeft  and 
red  particles,  and  weakeft  on  the  blue  and  violet,  if  the  continuity  be  dimini(heds  the  former 
will  be  tranfmitted,  and  not  the  latter;  which  is  conformable  to  the  experiment  juft  now  men*- 

tioned. 

3.  The  do£hine  of  flexibility  fumifhes  an  eafy  and  fatisfa£lory  explanation  of  the- 
diffisrent  colours  which  arc  aflumed  by  flame.  Whether  we  fuppofe  the  light  to  come  from 
the  burning  body  or  the  oxygenous  gas>  the  largeft  or  red  particles  have  the  ftrongeft  attrac-^ 

^  Edinburgh  Literary  Eflays,  Vol.  !!•  f  Sec,  however,  Philof.  Joum.  I-  431. 

J  Optics,  Book  ii.  Pan  III.  Prop.  3. 
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ticn  for  bodieS)  the  viplet  the  weakeft  ;  when  therefore  the  gas  and  the  body  combine,  the 
precipitation  of  light  mud  be  in  the  reverfe  order  of  the  affinity  between  the  particles  of  light 
and  thofe  of  the  bodies.  If  then  the  combination  take  place  flowly,  the  violet  and-blue  par* 
tides  will  be  firfl:  emitted,  and  laft  of  all  the  red  :  and  this  is  confiftent  with  fa£l ;  for  any 
inflammable  body  whatever,  on  being  lighted,  burns  at  firft  with  a  blue  or  violet  flame,  and 
afterwards  has  its  flame  of  two  or  three  di(lin£t  colours,  blue,  white,  red,  &c.  as  is  feen  re- 
markably in  the  cafe  of  a  candle.  Nay,  I  have  obferved  in  the  flame  of  a  blow-pipe,  all  the 
feven  primary  colours  at  once.  When  indeed  a  body  is  burnt  in  pure  oxygenous  gas,  the 
combination  is  fo  rapid,  that  white  light  alone  is  precipitated  undecompofed  \  but  in  com- 
jnon  air,  where  the  azotic  gas  impedes  the  combudion,  the  above  phenomena  are  obvious. 

4.  A  curious  phenomenon  has  often  furprifed  philofophers,  namely,  blue  fhadows.  Thefe 
I  have  obferved  at  all  times  when  the  paper  on  which  I  received  them  was  illuminated  by  the 
iky  and  any  other  light;  and  the  reafon  of  them  I  take  to  be  this:  that  the  (hadow  made  by  one 
light  is  illuminated  by  the  blue  rays  from  the  iky  ;  for  I  have  often  obferved  purple,  and 
^ven  reddifh  ones^  when  the  iky  or  clouds  happened  to  be  of  thofe  colours;  and  tliis  account 
of  the  matter  is  confirmed  by  an  experiment.  Having  received  the  coloured  fpe£lrum 
made  by  a  prifm  with  a  large  refra£ting  angle,  on  a  (hcet  of  rough  white  paper,  and  held 
above  it  another  (heet ;  I  (lopped  all  the  rays  that  illuminated  the  firft,  except  the  blue,  and 
violet}  and  red;  and  if  I  held  a  body  between  the  blue  and  the  fecond  paper,  its  (hadow  was 
red ;  and  if  I  held  a  body  between  the  red  and  the  paper,  its  (hadow  was  blue ;  and  fo  of 
other  colours.     Tliis  I  take  to  amount  to  a  demdndration  of  the  thing  *. 

5.  PaiTing  over  other  phenomena  of  lefs  note,  I  come  now  to  one  that  has  divided  op- 
ticians more  than  any  other ;  I  mean  the  coloured  fringes  that  furround  the  (hadows  of 
bodies.  I  made  fevcral  obfervations  on  thefe,  which  enable  me  to  conclude  that  each  fringe 
is  an  image  of  the  luminous  body ;  for,  holding  between  my  eye  and  a  candle  two  knife- 
blades,  as  I  approached  the  one  to  the  other,  the  edge  of  the  candle  feemed  multiplied,  and 
foon  became  coloured,  coming  wholly  away  from  the  candle ;  and>  as  the  knives  approached 
{lill  nearer,  became  di(lin£l  dilated  images,  highly  tindured  with  the  prifmatic  colours ; 
and  juft  before  the  knives  met,  the  candle,  whofe  edges  had  been  all  along  coloured 
witlvred  and  yellow,  became  much  didended,  till  at  lad  it  was  divided  in  the  middle,  one 
half  feeming  to  be  drawn  away  by  each  knife,  and  then  it  wholly  difappeared.  I  have  ob- 
ferved three  kinds  of  thefe  images,  two  without,  and  one  within  the  (hadow  :  the  (ird  had 
its  colours  in  the  order  from  the  (hadow,  red  outefmod,  and  violet  innermod ;  the  fecond 
and  third  had  the  colours  in  the  contrary  order;  but  the  fecond  was  fo  very  faint  that  I  could 
never  perceive  it,  unlcfs  when  let  fall  on  my  eye.  All  this  Iseafily  explained  by  the  different 
flexibility  of  the  rays.  In  fig.  9,  Plate  XXIIl.  let  AD  be  a  body  by  which  the  rays  SDT  and 
S'DT'  pafs,  and  let  SD  be  within  AD's  fphere  of  inflexion,  and  S'D'wiihin  its  fphere  of  de- 
flexion ;  then  SD  will  be  bent  into  DG  :  but  bccaufe  of  the  diflferent  inflexibility  of  its  parts, 
the  red  will  be  bent  into  DR,  and  the  violet  into  DV,  and  the  intermediate  rays  will  fall 
between  R  and  V;  the  whole  forming  an  image  RGV,  feparated  into  the  feven  primary 

■        ♦ 

•  Since  wriring  the  above,  I  find  tie  fame  explanation  of  the  nnattcr  given  by  Mr.  Mclvill  and  feme  of  the 
French  academicians,  particularly  Mcffib.  Buffvm  and  Bi^>ucli:i;  alfo Count  Ruraford  (Phiiof  Journal  1.  xot); 
but  I  have  thought  fit  to  keep  it  in,  en  account  of  the  cxpoimcnt  that  occuned  10  tnc  in  iiluftration  of  it. 

4  f  2  colours  ; 
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colours;  and  in  like  manner  by  the  different  deflexibility  of  the  partswhercof  S'D'eoniiflrfi, 
an  innge  without  the  fliadow,  a&  V^G'R',  will  be  formed^  fimiiar  to  VGR^  R^  being  red, 
tnd  V '  violet,  all  which  is  both  theory  and  exp^ezice  ;  afld  the  fame  explanadon  laay  be 
extended  to  the  other  cafes.  Now  in  all  thefe,  the  bending  power  ftretching.to  a  very  fimali 
definite  didancc,  and  being  of  different  degrees  of  (Ireiigth.at  different  diftances  from  the 
body,  fevcral  pencils  or  fmall  beams,  (>afling  through  different  parts  of  the  fpheres,  will  be 
aclcd  upon  by  the  power  in  its  different  ftates  of  {trength>  and  each  beam  will  be  difpoCstl 
iiito  an  image  in  the  way  b^^fore  defcribcd.  Of  thefe  images  I  have  fooietimes  obferred  four, 
and  even,  by  ufing  great  ca^e,  the  faint  lineaments  of  a  fifth.  In  forming  them,  the  power 
acts  llronged  at  the  fmalleft  diffances,  and  of  confequence  bends  the  mean  flexible  rayy 
tliat  pa£s  near,  farther  inwards  or  outwjirds  than  tht>fe  that  pafs  farther  ofi^}  fo  that  the 
extreme  rays  will  in  the  former  cafe  be  more  feparated  from  the  mean  than  in  the  latter;  and 
tlie  nearer  image  will  always  be  the  largefl:  and  mod  highly  coloured  ;  which  is  conffftent 
with  faiSt.  This  explains  fully  the  celebrated  experiment  of  Sir  Ifaac  Newton  with  the 
knives,  and  the  explanation  is  confirmed  by  the  experiments  which  I  related  above  on 
flexibility,  wlicre  the  bending  force  a£led  moll  flrongly  on  thofe  images  formed  cut  of 
red  light,  and  lead  flrongly  on  thofo  formed  out  of  violet  and  blue  light.'  A  number  of 
ether  phenomena  are  explicable  on  the  fame  principles,  being  only  particular  cafes,  as  it 
were,  of  the  coloured  fringes  or  images :  I  (hall  here  mention  a  few  of  the  mofl  remaskable. 

6».  When  making  fome  of  die  experiments  which  I  have  f«kted  in  the  ooarfe  ef  tbis 
paper,  I  obfcrved,  that  when  the  fun  was  furroun^d,  but  not  covered,  by  cle«r  white 
clouds,  the  white  image  on  the  chart  (the  hole  being  \\  inch  in  diameter)  was  furrounded 
by  two  rainbows  pretty  broad  and  bright  \  in  the  colours  were  red  on  the  outfide,  and  Titdet 
next  the  white  of  the  image.  Thefe  bows  muft  not  be  confounded  with  one  which  fome- 
times  appears  wholly  of  a  dull  red  and  yellow,  when  the  fun  or  moon  fhines  through  a 
clouds  and  which  is  owing  to  the  dire£i  tranfmiffioh  of  the  red  rays,  and  reflexion  of  die 
others  \  for  not  only  are  the  colours  different  in  fpecies,  in  brightnefs,  and  in  number,  in 
the  phenomena  under  difcuffion,  but  likcwife  they  are  formed  by  the  hole  in  the  ^ndow",, 
as  I  knew  by  altering  its  fhape  into  an  oblong  \  and  the  colours  now  were  not  difpofed  in 
circles,  but  in  broad  lines  of  the  fame  breadth  as  the  bows  had  been,  running  along  the 
ihadow  of  the  hole's  fides,  and  in  the  fame  pofition  of  colours  as  before.  It  is  evident  that 
their  caufe  is  the  inflexion  of  the  light  which  comes  from  the  clouds  by  the  fides  of  the 
hole  (for  if  the  fky  have  no  clouds  the  colours  do  not  appear)  which  feparate  the  white  light 
into  the  parts  of  which  it  is  compofed. 

7.  It  is  obfervable,  that  when  we  look  at  any  luminous  body  at  a  diftance  greater  than 
one  or  two  feet,  its  flame  appears  furrounded  by  two  bows  of  faint  colours,  the  inner-^ 
Hioft  of  them  terminating  in  a  white  which  continues  to  the  flame  \  and  the  colours  are  red 
outermofl,  and  green  and  blue  innermoft :  the  appearance  is  mofl  remarkable  if  we  look 
at  a  fmall  hole  in  the  window-fhut,  the  room  being  otherwife  dark ;  and  if  the  eye  be  prefled 
upon,  ana  then  opened,  the  colours  are  more  lively  than  before,  as  Defcartcs  obferved  *  ; 
from  which  both  he  and  Newton  concluded  that  the  appearance  was  owing  entirely  to 
wrinkles  formed  on  the  furface  of  the  eye  by  the  preflure  t«     But  this  could  neither  form 
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the  bdws  with  the  regularity  in  which  they  always  appear,  nor  could  the  colours  be  in  the 
order  above  mentioned  from  the  different  refrangibility  of  the  rays  :  it  will  alfo  be  obvioud 
to  any  one  who  tries  the  thing,  that  the  prefiure  only  increafes  the  brightnefs  nnd  breadth 
of  the  bows,  but  does  not  form  them.  The  true  folution  of  the  difficulty  feeniS  to  be  this  : 
The  rays  which  enter  the  pupil  are  inflefled  in  their  pafllige  through  the  fibres  which  extend 
over  the  cornea,  and  iii^iich  are  very  minute,  but  opake ;  by  thefe  they  are  decompounded 
into  fringes^  having  the  red  outermoft  and  the  violet  innermoft  ;  and  the  fringes  formed  by 
each  fibre,  being  joined  together,  form  the  bow.  How  then  does  the  prefTure  enlarge  and 
vivify  them  ?  The  fibres  are  naturally  extended  over  the  furface  of  a  fpherical  fegraent : 
when  this  furface  is  compreiTed  into  a  plane  circle,  they  are  comlenfed  into  a  much  lefs 
(pace,  and  confcquently  brought  nearer  to  one  another ;  the  rays  are  therefore  more  "in- 
fte£led  and  feparated  than  before.  If  this  explanation  be  true,  it  will  follow  that  the  like 
bows  may  be  pTodut;ed  by  fmall  hairs  like  fibres  placed  near  one  another  ;  and  this  I  found 
perfe£ily  confident  with  fad  :  the  bows  are  in  this  cafe  brighter  than  in  the  other  ;  and 
the  fmall  hairs  on  a  hat  or  the  hand  made  them  brighter  than  any  ptjier  I  have  tried.  A 
circumftance  which  I  obferved  in  both  cafes  feems  to  (hew  clearly  the  identity  of  the 
caufes ;  the  white  fpace  which  reached  from  the  interior  bow  to  the  flame,  was  fpeckled  or 
mottled  in  a  manner  which  cannot  be  eadly  defcribed,  but  which  any  one  will  perceive 
upon  trying  the  experiment. 

8.  The  laR  of  thefe  phenomena  which  I  ftiall  mention  is  the  celebrated  one  obferved  bf 
Sir  Ifaac  Newton,  namely  the  rings  of  colours  with  which  the  focus  of  a  concave  glafs  mir-^ 
for  is  furrounded.  Sir  Ifaac  made  fcveral  moft  ingenious  and  accurate  experiments 
to  inveftigate  their  nature*}  and  finding  their  breadth  to  be  in  the  ittverfe  fubduplicate 
ratio  of  the  mirror's  tbickftefs,  he  concluded  that  they  were  of  the  fame  nature  and  original 
with  thofe  of  thin  plates  defcribed  by  him  f .  The  Doe  de  Cbaulnes  purfued  thefe  expe^ 
riments  with  confiderable  fuccefs  :  he  found  that  the  rings  were  brighter,  the  nearer  to  the 
perpendicular  the  rays  were  incident ;  and  that  if,  inftead  of  a  concave  glafs  mirror,  a  metal 
one  was  ufed,  with  a  fmall  piece  of  fine  cambric,  er  reticulated  filver  wire,  flretched  before 
it,  the  colours  were  no  longer  difpofed  in  rings,  but  in  flreaks  of  the  fame  fhape  with  the 
intervals  between  the  threads :  hence  he  concludes  that  they  are  owing  to  inflexion  5  that 
in  pafEng  through  the  firft  furface  they  are  infleAed,  and  condenfed  by  the  fecond  j:.  I  am 
not,  I  own,  quite  fatisfied  with  this  account  of  the  matter :  that  they  are  produced  by  in^- 
flexion  the  Duke's  experiment  put  beyond  doubt ;  but  that  they  (hould  be  formed  in  pafl^ 
ing  through  the  firft  furface,  and  reffeded  by  the  fecond,  is  quite  inconfiftent  with  the 
ratib  obferved  by  their  breadth^  this  being  greater  in  the  thinneft  glafs,  and  alfo  with  the 
order  of  the  Colours.  Befides*  all  the  coloured  images,  which  fall  on  the  back  fide  of  the 
mirror,  will  be  (by  what  we  before  found,  when  fpeaking  of  flexibility  §)  reflefled  into  a 
white  focus ;  fo  that,  upon  the  whole,  there  appears  every  reafon  to  believe  that  the  ringa^ 
are  fornoed  by  the  firft  fcrface,.  out  of  the  light  which,  after  reflexion  from  the  fecond  fur-> 
face,  is  fcattered,  and  paflTes  on  to  the  chart.  It  will  follow,  ift,  that  a  plane  mirror  makes 
them. not ;  for  the  regularly  refic£led  light>not  being  thrown  to  a  focus,  mixes  with  the' 

♦  Optics,  Book  ii.  Part  IV.  f  Book  ii.  Parts  I.  and  II. 
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decompounded  fcnttercd  light,  and  dilutes  it.  2d,  That  the  nearer  to  the  perpendicular  the 
rays  are  incident,  the  more  light  will  be  reflefted  to  the  focus>  and  confequently  the  lefs 
will  dilute  and  weaken  the  rings.  3d,  That  the  thinner  the  mirror  is,  or  the  nearer  th^  two 
furfaccb  are,  the  broader  will  the  rings  be.  4th,  That  the  rings  farther  from  the  focus  will  be 
broader.  And  lailly,  that  when  homogeneous  light  is  refle£led  the  fringes  or  images  will 
be  larger,  and  farther  from  one  another  in  red  than  in  any  other  primary  colour.  AH 
which  is  perfedlly  confiflent  with  the  experiments  of  Newton  and  Chaulnes.  There  is 
only  one  difhculty  that  may  be  ftarted  to  this  explanation  :  How  happens  it  that  the  colours 
(made  by  the  mirror)  are  always  circular?  Wc  anfwer,  It  is  owing  to  the  manner  of  po- 
Jifhing  the  concave  mirror,  which  is  laid  between  a  convex  and  concave  plate,  and  then 
turned  round  (with  putty,  or  melted  pitch)  in  the  very  dire£lion  in  which  the  rings  are* 
If  it'lhould  beafked,  Why  does  the  thicknefs  of  the  mirror  influence  the  breadth  of  the  rings 
exactly  in  the  inverfe  fubduplicate  ratio  ?  we  anfwer,  That  to  a  certain  diftance  from  the 
point  of  incidence  (and  the  rays  are  never  fcattered  far  from  it)  this  is  demonftrable  to  . 
hold  as  a  property  of  mathematical  lines  in  general. 

Having  found  that  the  fringes  by  flexion  are  images  of  the  luminous  body  *,  I  thought 
that  from  this  confideration  a  method  of  determining  the  di^rent  degrees  of  flexibility  of 
the  different  rays  might  be  deduced,  (imilar  to  that  which  I  had  formerly  ufed  for  deter- 
mining their  degrees  of  reflexibility  f .     I  therefore  made  the  following  experiment : 

ObJ.  124  Having  let  into  my  darkened  chamber  a  (Irong  beam  of  the  fun's  light,  through 
a  hole  ^th  of  an  inch  in  dianieter,,^  held  a  hair  at  four  feet  from  the  bde  ;  and  receiving 
the  fliadow  at  two  feet  from  the  hair,  I  drew  a  line  acrofs  the  middle  of  the  coloured 
images,  and  pointed  oflF  in  each  the  divifions  of  the  colours,  as  nearly  as  I  could  obferve ; 
and  repeating  the  obfervation  feveral  times,  and  at  diflferent  diftaace^  I  found,  by  the  fame 
way  I  had  formerly  done  in  my  experiment  on  reflexibility,  that  the  axis,  or  line  drawn 
through  the  middle  of  each,  was  divided  inverfely  according  to  the  intervals  of  the  .chords 
which  found  the  notes  in  an  oftave,  ut^  re^  tnij  fo/,  la^fa^Jt^  uU  But  as  the  meafures  in 
thefe  experiments  were  very  minute,  and  the  operations  of  confequence  liable  to  inaccu- 
racy, I  thought  proper  to  try  the  thing  by  another  teft. 

Obf.  13.  The  fun'  ihining  into  the  room,  as  before,  I  placed  at  the  hole  an  hollow  priim 
made  of  fine  plate  glafs  and  filled  with  pure  water,  its  refra£ling  angle  being  55  degrees.  The 
fpetSlrum  was  thrown  on  an  horizontal  chart  eight  feet  from  the  window  \  and  at  four  feet 
from  tKeprifm  there  was  placed  in  the  rays  a  rough  black  pin  -x^th  of  an  inch  in  diameter. 
The  (hadow  in  the  fpedrum  was  bounded  by  hyperbolic  fides,  as  before  defcribcd ;  and 
drawing  a  line,  which  might  be  the  axis  of  the  (hadow,  and  pafs  precifely  through  its 
middle,  I  marked  on  one  fide  fix  or  eight  points  of  the  Qiadow's  outline  in  each  fet  of  rays ; 
and  this  being  often  repeated  at  different  diftances  and  in  difllerent  (hadows,  the  pofition  of 
the  axis  remaining  the  fame,  the  curves  formed  by  joining  the  points  were  all  parallel  \ 
which  (hows  that  each  fine  of  inflexion  taken  apart  has  a  given  ratio  to  the  fine  of  incidence. 
I  afterwards  divided  the  axis  according  to  the  mufical  intervals,  and  thus  found  where  each 
eolour  of  the  fpedrum  had  terminated,  in  what  colour  each  part  of  the  (hadows  had  becn^ 
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and  by  what  rays  formed.  Then  I  joined  the  parts  that  I  had  marked,  and  obtained  2 
curve,  which  I  took  to  be,  either  nearly  or  accurately,  an  hyperbola  of  the  fourth  order.  I 
next  meafured  the  ordinates  (the  axis  of  the  fpe£l:rum  and  (hadow  being  the  axis  of  the 
curve)  at  the  confines  of  each  colour  •,  firft,  the  ordinate  at  the  extremity  of  the  re£lil>near 
red,  then  that  at  the  confine  of  the  red  and  orange,  and  fo  on  to  that  art  the  extreme  reftf* 
Hnear  violet.  To  each  of  thefe  ordinates  I  added  the  greateft  one,  or  that  in  the  violet, 
which  (in  fig.  10  )  is  W;  that  is,  I  produced  vV  to  V,  fo  that  vV  is  equal  to  vV ;  and 
through  V  I  drew  V'R'  parallel  to  the  axis  VR,  and  produced  gG  to  G',  and  rR  to  R' ; 
then  froni  V '  I  fet  off  V'g'  equal  to  G'g,  and  V'r'  equal  to  R'r,  and  the  other  ordinates  in 
like  manner  ;  and  I  found,  according  to  tfie  method  before  defcribed  *,  that  VV  was  di- 
vided inverfely^  after  the  manner  of  the  raufical  intervals.  It  is  therefore  evident  that  the 
inflexibilities  of  tlie  rays  are  dire£^ly  as  their  deflexibilities  and  reflexibilities,  but  inverfely 
as  their  refrangibilitiesr  The  fame  may  be  proved  by  meafuiing  and  dividing  the  images 
made  in  the  infide  of  the  fhadowsw  Thefe  I  have  found  to  be  at  equal  incidences  and  di(^ 
tances,  equal  to  the  images  on  the  outfide,  both  in  breadth,  in  drftance  from  the  edge  of 
the  fliadow,  and  in  the  relation  which  their  divifiona  bear  to  one  another ;  wherefore  what- 
ever be  the  ratio  of  the  angle  of  inflexion  to  that  of  incidence,  the  fame  is  the  ratio  of 
the  angle  of  deflexion  to  that  of  incidence  ;  fo  that  the  angle  of  deflexion  is  equal  to  the 
angle  of  inflexion.  If  farther  proof  of  this  propofition  be  defired,  the  following  experiment 
and  pbfervations,  which  from  the  importance  of  the  thing  I  do  not  fcruple  to  add,  may  be 
fufiicient. 

Ohf.  i4«  When  two  knife  blades  were  placed  by  one  another  in  a  beam  of  light  which 
entered  the  datk  room,  fo  that  the  one  might  form  and  the  other  didend  the  images,  I 
made  in  one  of  the  blades  (with  a  file)  a  fmall  dent,  which,  on  the  chart,  cad  an  elliptic  or 
femicircular  outline  ;  then  I  obferved  that  the  images  of  both  blades  were  difturbed  by  it, 
and  wound  round  the  edges  of  the  femictrclej  and  they  were  all  afl^e£led  in  precifely  the 
ftme  manner  and  degree.  So  then  the  firft  knife  defleded  the  images  formed  by  the  fecond 
in  precifely  the  fame  degree  that  it  infleAed  thofe  images  which  itfelf  formed,  and  fo  of 
the  other  knife;  otherwifc  the  efleft  of  the  dent  would  have  been  drflerent  upon  the  two 
fets  of  images.  We  may  therefore  conclude  that  the  angles,  or  fines  of  inflexion  and  de- 
flexion, bear  the  fame  ratio  to  the  angle  or  fine  of  incidence^  and  that  they  are  equal  to  one 
another.  My  next  objeA  was  to  determine  this  ratio  in  one  of  thefe  cafes,  and  confe- 
quently  in  both  ;  and  it  was  very  agreeable  to  find  data  for  the  folution  of  this  problem  in 
I  Newton's  meafurement  of  the  images  and  (hadow ;  fince  this  philofopher's  well-known  ac- 
curacy in  fuch  matters,  befides  the  fingular  ingenuity  of  the  methods  he  employed,  made 
me  more  fatisfied  with  thefe  than  any  experiment  I  could  make  on  the  fubjed.  In  fig.  11. 
CS  is  the  line  perpendicular  to*thc  chart  SU,  and  paffing  through  the  centre  of  the  body, 
whofe  half  is  CD  or  SE.  EB  b  parallel  to  CS,  and  AI  a  ray  incident  at  D.  ADB  or 
EDI  is  the  angle  of  incidence,  EDR  that  of  the  red's  deflexion,  EDV  that  of  the  violet's, 
and  EDG  t&at  of  the  intermediates.  According  to  Newton  f,  CD  was  y^th  of  an  inch, 
DE  fix  inches,  SI  t4t*  <rf  an  inch,  RV  xTTsth,  and  confequently  RG  ^\^  \  OS  was 
y^th  J  whence  the  angles  IDE,  EDV,  EDG,  and  EDR,  will  be  found  to  be  4',  jp^'yi  \  7 ',  and 
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i)\  rcfpeclivdy.  Now  die  natural  fines  of  4',  30"}  ^'\  7 'and  9',  areas  the  numbers  1309^ 
I454»  203519  and  26171  whicli  are  as  the  fines  of  incidence,  deflexion,  and  inflexion,  of  the 
violet,  green,  and  red.  Thus  the  angles  of  flexion  of  the  extreme  and  mean  rays  being 
given,  thofe  of  the  other  rays  are  found  by  dividing  the  diflerence  between  1454  and  2617 
in  the  harmonical  ratio  \  for  then  the  red  will  be  equal  to  145I,  the  orange  874^^,  theyel- 
low  I5Stt'  ^^^  green  193^,  the  blue  193 ji,  the  indigo  129^,  and  the  violet  258^;  and  hj 
adding  to  the  number  1454  the  violet,  and  to  their  fum  the  indigb,  and  fo  on,  we  get  the 
flexibility  of  the  red  from  2617  to  2471-J.,  of  the  orange  from  24714.  to  2384^,  of  the 
yellow  from  2384^  to  2229^,  of  the  green  from  22297  to  2035!,  of  the  blue  from  20354 
to  18417,  °f  ^^^  indigo  from  184I7  to  1712^,' and  of  the  violet  from  1712I  to  1454,  the 
common  fine  of  incidence  being  1309.  It  is  therefore  evident  that  the  flexibility  of  the 
red  is  not  to  that  of  the  violet  as  the  refrangibility  of  the  violet  to  that  of  the  red ;  and  a 
little  attention  will  convince  us  that  we  had  no  reafon  to  expe£l  the  analogy  fliould  be 
kept  up  in  this  refpe£t;  for  the  refrangibility  of  the  rays  depends  on  the  fpecies  of  the  re* 
frafting  medium,  and  follows  no  general  rule ;  whereas  our  calculation  has  been  made 
concerning  the  tlOXovi  of  the  bending  power  at  a  certain  diftance,  greater  than  that  whereat 
the  particles  of  media  a£l  on  the  rays  in  refra£ling  them.  It  was  obferved  in  the  mathe* 
matical  propofitions  prefixed  to  this  paper,  that  the  angle  of  flexion  is  lefs  than  that  of 
incidence,  wheri  in  the  cafe  of  inflexion  the  angle  made  by  the  ray  and  the  body  is  acate» 
and  when  in  the  cafe  of  deflexion  that  angle  is  obtufe  ;  and  when  the  ray  is  perpendicular, 
or  parallel,  the  angle  of  incidence  vanifhes  in  both  cafes.  It  is  evident  therefore,  tliat  in 
both  thefe  fituations  of  things  the  ratio  of  1309  to  2036  being  that  of  a  lefs  to  a  greater, 
will  not  enable  us  to  find  the  angle  of  flexioi),  although  it  ferves  very  well  when  the  ray 
before  inflexion  makes  an  obtufe,  and  before  the  deflexion  an  acute  angle.  I  have  there- 
fore mentioned  the  angle  made  by  the  bent  ray  with  the  incident,  which  gives  a  general 
formula  \  for  let  the  angle  of  incidence  be  I,  and  that  which  the  bent  ray  makes  with  the 
incident  B,  then  F  being  the  angle  of  flexion,  we  have  F  =  B  ±  I  ^  fo  that  if  I  =s  O,  F  =:  B^ 
or  if  the  incident  makes  an  obtufe  angle  with  the  body  in  the  cafe  of  deflexion,  and  an 
acute  in  tliat  of  inflexion,  then  F  =  I  —  B,  and  in  the  remaining  cafe  F  =  I  +  B. 

Thefe  obfervations  enable  us  to  give  a  very  fliort  fummary  of  optical  fcience*  When 
particles  of  light  pafs  at  a  certain  didance  from  any  body,  a  repulfive  power  drives  them 
oflF;  at  a  didance  a  little  lefs  this  power  becomes  attradiive:  at  a  (till  le&  diflance  it 
again  becomes  repulfive  ;  and  at  the  lead  diilance  it  becomes  attractive,  as  before,,  always 
acting  in  the  fame  dire£tion.  Thefe.things  hold,  whatever  be  the  dire£tion  of  the  particles; 
but  if,  when  produced,  it  paflTes  through  the  body,  then  the  neared  repulfive  force  drives 
the  partUks  back,  and  the  neareit  attra£tive  force  either  tran(mics  them,  or  tunasi them  out 
of  their  courfe  during  tranfmiflion.  Farther,  the  particles  differ  in  their  difpofitions  to  be 
a£tcd  upon  by  this  power  in  all  thefe  varieties  of  exertion  y  and  thofe  which  are  mod  flrongly 
^fTeded  by  its  exertion  in  one  cafe,  are  alfo  mod  drongly  afle£ted  by  that  exertion  when 
yaricd,  except  in  the  cafes  of  refraction,  of  which  we  before  fpoke  j-  and  thefe  difpofitions  of 
0ie  partd  are  in  all  the  cafes  in  the  fame  harmonical  ratio.  Ladly,  the  caufe  of  thefe  dif- 
ferent dirpofitions  is  the  magnitude  of  the  pardcles  being  various. 

All  that  remains  now  to  be  done  on  this  part  of  the  fubjefl,  is  to  explain  one  or  two 

phenomena  relating  to  reflcxibility. 

2  I.  It 


t .  b  hat  liefn  itoiiiarked»  that  if  wc  look  at  a  candle,  or  other  lumiaousbody,  trkh  out 
tyea  almoft  flia^  bright  fticaks  foom  to  dart  upwards  ^nd  downwards  from  it.  Newtodn^ 
explains  this  by  refra^on  through  the  humours  adhering  to  the  eyelids  \  Rohault  f  and 
Mr.  Toung  %  afcribe  them  to  reflexions  s  Defeartes  makes  them  arife  from  wrinkles  on  th4 
eye's  furface ;  De  la  Hire  frofn  refraAion  through  the  raoifture  an  the  eyelids,  as  through  a 
conca? e  lens ;  and  Prieftley  i|  from  inflexion  through  the  laihes.  The  truth  of  Sir  liaac's 
obfenratioa  is  obriouS)  becaufe  the  ftreaks  which  dart  from  the  top  of  the  luminous  body 
are  formed  by  the  under  eyeKd,  or  at  leaft  by  the  moifl^ure  adhering  to  the  under  ciliary 
procefS)  and  tho(!r  which  appear  from  the  bottom  of  the  body  by  the  upper  eyelid ;  which 
could  not  bC)  either  if  tihtj  were  fonned  by  reflexion  from  the  prooeflcsj  or  by  inflexion 
through  the  ladies* 

I  have  however  obferved  another  kind  of  ftreaks,  mottled  with  broken  colours  of  all 
kinds,  and  formed  by  reflexion  from  the  moifture  on  the  procefles.  In  thefe  the  under 
ilreak  correfponds  to -the  under  procefs,  and  vice  verfk.  They  may  be  formed  by  any  po* 
liflied  body  held  in  the  proper  pofition  between  the  pupil  and  luminous  body*  The  colours 
-are  very  beautiful  when  made  by  the  fiin^and  refemUe,  in  form  and  irregularity  of  arrange- 
ment, fome  of  the  ftreaks  made  by  large  half*p<di(hed  bodies,  as  defcribed  in. Part  IL  of 
this  paper. 

St.  The  next  objeft  of  attention  is  one  of  the  groateft  importance  to  Qur  theory,  name1f» 
the  formation  of  images  by  reflexion.  Three  things  here  require  explanation  :  the  number 
of  the  ims^es,  their  colours,  and  their  variations  in  point  of  fize. 

Of  15.  I  have  uniformly  found  that  no  reflefting  furface  forms  them  except  it  be  curve, 
and  (its  furface)  of  a  ftruAure  fonoewhat  fibrous.  A  plain  mirror,  nor  a  concavei  nor  a  j 
convex  one,  do  not  make  them,  unfeifs  Aey  are  of  that  ftru£lure ;  and  for  the  fame  reafon 
quickfilver,  when  held  fo  as  to  refled:  the  Ught  incident  upon  it,  formts  them  not ;  but  by  tri- 
turating it,  fo  as  to  divide  tt  into  finaH  particles,  and  by  placing  thefe  in  the  beam  of  Ae 
fun's  light,  each  particle  formed  an  image  with  the  colours  in  the  regular  order,  and  very 
bright.  X)n  holding  a  cylinder  In  th\;  rays,  and  obferving  the  lengths  of  the  images,  I 
found  that  if  the  curvattnre  was  increafed,  the  images  were  alfo  tncreafed  in  fize,  being 
more  diftended  and  highly  coloured.  Thefe  things  immediately  foggeft  the  explanation. 
Each  of  the  fmall  fibres  forms  air  image,  which,  from  the  difierent  reflexibiltty  of  the  rayt, 
is  divided  into  the  feven  primary  colours.  But  why  does  not  a  plain  mirror  form  one  of 
thefe  upon  die  fame  principles  ?  In  fig.  12.  let  A  E  be  the  curve  furface  of  a  very  convex 
mirror,  that  is  of  a  fmall  fibre,  GC  a  ray  reflcAed  by  the  fmall  ftnface  DC.  Jt  will  be  fe^ 
t>arated  into  CI  red,  and  CK~ violet,  by  the  unequal  a£Hon  of  FC  on  its  parts.  But  if  DC 
is  continued  to  I^  in  a  ftraight  line,  then  LC's  fphere  of  reflexion  extending  a  littte  way  be- 
yond it  to  KC,  the  part  neareft  to  G,  and  not  to  IC,  will  drive  KC,  and  alfo  the  infdlgo  and 
part  of  the  blue^  nearer  to  the  perpendicular  \  then  IC  being  within  LC^s  fphere  of  inflexion, 
4will,  together  with  the  orange,  yeflow,  and  part  of  the  green,  be  brought  nearer  to  KC  \  fo  that 
IC  and  KC  will  both  be  brought  to  an  angle  equal  to  that  of  incidence,  and  will  be  refleAed 
in  a  parallel  white  beam.    If  LC  is  removed  a  littlci  or  the  furface  become^  m6re  convex^ 
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IC  18  attra&ed,  and  KC  repelled,  but  not  fo  much  as  to  reduce  them  to  paralleCfiii  and 
whitenefs  -,  an  image  being  formed  narrower,  and  lefs  coloured^  thaiT  when  LC  is  moved 
fo  far  round  tliat  KC  is  attra^ed,  and  IC  defle£led  or  repelled.  If  LC  is  moved  round,  fo 
that  the  mirror  is  concave,  then  KC  is  repelled  and  IC  attrafied,  as  before,  unlefs  the 
curvature  be  conGderable  ;  and  then  KC  and  IC  are  Jboth  repelled,  and  an  image  formed 
in  the  caujlic  by  reflexion.  In  06/.  3.  we  found  that  certain  irregularities  in  the  furface  of 
the  refle£lor  caufed  tlie  images  to  be  in  the  inverted  order  of  colours.  How  does  this  hap- 
pen ?  In  fig.  1 3.  Ictgfy/ef  er^  ri\  and  ihj  reprefent  the  fe£tions  of  the  convex  fibres  on  the 
furface  of  the  reflector,  and  let  the  ray  AB  be  refle£led  from  ef^  feparated  into  Br  red  and 
hv  violet 't  then  if  AB  was  fo  inclined  to  ef^  that  Br  and  Bv  fell  upon  er^  the  fide  of  the 
fibre  next  to  efy  and  a  little  larger  than  efy  it  is  evident  that  Bv  will  be  reflected  into  vV,  and 
Br  into  rR,  and  an  image  VR  will  be  formed,  having  the  violet  outermoft,  and  the  red 
innermofl,  the  intermediate  colours  being  in  their  order  from  V  to  R.  Laftly,  it  is  evident 
that  the  greater  the  angle  of  incidence  is,  the  longer  will  be  the  image,  and  the  farther  fe- 
parated its  colours  \  for  which  reafon  the  farther  the  images  are  from  the  fliadow,  the  lefs 
dilated  and  coloured  will-they  be.  Nor  will  they  have  the  fame  appearance  at  all  diftances 
from  the  point  of  incidence.  Very  near  it  they  will  be  all  in  the  form  of  fringes  acrois  the 
ftreak,  the  breadth  beipg  greater  than  the  length  (if  I  may  ufe  the  expreffion)  j  but  as  we 
recede  from  it  they  will  become  diftended,  as  before  defcribed,  the  length  increafing  fader 
than  the  breadth,  and  at  one  point  or  didance  they  will  be  juft  as  long  as  broad  ;  all  which 
agrees  with  experiment.  And  it  is  needlefs  to  (how  by  particular  demon (Iration,  the  manner 
m  which  one  image  is  divided  from  another,  the  reafon  obvioufly  being  the  manner  in  which 
the  fibres  on  the  reflecting  furface  are  arranged  and  inclined  to  one  another. 

3.  A  number  of  phenomena  involved  in  that  of  the  images  are  explicable  by  what  ha9 
been  faid  on  them,  if  a  piece  of  metal  be  fcratched,  and  then  expofed  in  the.  funfliine^ 
a  number  of  broken  colours  will  be  formed  by  the  fcratches,  as  may  be  feen  either  by  let- 
ting them  fall  on  the  eye,  or  by  receiving  them  on  a  white  obje£i.  This  is  evidently  owing 
to. the  different  reflexibility  of  the  rays  incident  on  the  fcratches,  which  are  fo  many  irregur 
lar  fpecula>  of  great  curvature  ;  the  images  are  therefore  diftorted  and  broken,  juft  as  a  cfniT 
die,  &c.  appears  broken  and  coloured  when  viewed  through  a  piece  of  irregular  cryftaU 
fuch  as  the  bottom'  of  a  wine  glafs.  If  we  look  attentively  at  any  obje£l  expofed  in  the 
light  of  the  fun,  provided  it  be  not  poliflied,  we  ihall  fee  its  furface  mottled  with  various 
points  of  colours  from  the  fpecular  nature  of  its  minute  particles.  If  we  look  towards  the 
fun  with  a  hat  on  our  head,  held  down,  fo  that  the  fun's  dire£):  light  may  not  fall  on  our 
eyes,  but  on  the  hairs  of  the  hat,  and  be  rcflcdled,  we  (haJl  fee  a  variety  of  lively  colours 
darting  in  all  directions  from  thofe  hairs  ^  and  we  may  eafily  fatisfy  ourfelves  that  they  are 
QOt  the  confequence  of  flexion,  by  trying  the  fame  thing  with  unpolifhed  threads ;  in  which 
cafe  they  do  not  appear,  provided  the  threads  be  not  very  fmalL  In  the  fame  manner  we 
may  account  for  the  colours  of  fpider's  webs,  of  diflTcrent  cloths  which  change  their  colours 
when  their  pofition  is  altered,  and  of  fome  fofiils  which  appear  of  diflferent  ftteaks  of  co« 
lours  when  held  in  the  light  -,  fuch  as  the  fire  marble  of  Saxony,  &c.  All  thefe  bodies  hav- 
ing furfaces  of  a  fibrous  (IruClure,  each  fibre  refleds  and  decompounds  the  rays. 

4.  The  confidcration  of  the  foregoing  phenomena  inclined  me  to  think  that,  upon  the 
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princip^les  which  have  been  laid  downy  the  colours  of  natural  bodies  may  be  explained.  The 
celebrated  diicovery  of  Newtony  that  thefe  depend  on  the  thicknefs  of  their  parts,  is  de- 
graded by  a  cbmparifon  with  his  hypothefis  of  the  fits  of  rays  and  waves  of  ether.  De- 
lighted and  a(loni(hed  by  the  former^  we  gladly  turn  from  the  latter;  and  unwilling  to  in« 
volve  in  the  fmoke  of  unintelligible  theory  fo  fair  a  fabric,  founded  on  ftri£t  indudion,  we 
wi(h  to  find  fome  continuation  of  experiments  and  obfervations,  which  may  relieve  us  from 
the  necef&ty  of  the  fuppofition.  My  fpeculations  on  this  fubjefl  have  by  no  means  been 
completed,  as  I  have  not  yet  fitiifiied  the  demonftrations  and  experiments  into  which  it  has* 
engaged  me  to  enter;  but  in  order  to  cotnpiete  my  plan  i  (hall  offer  a  few  hints  on  the  fub- 
jc6l :  —The  parts  of  light  are  affirmed  in  Prop.  III.  Book  I.  Part  1.  of  the  Optics  to  be  dif- 
ferent in  reflexibility ;  that  is,  according  to  the  author^s  definition,  in  difpofition  to  be  turned 
back,  and  not  tranfmitted  at  the  confines  of  twOftr^nfparent  media.  That  the  demonftra- 
tion  involves  a  logical  error,  appears  pretty  evident.  When  the  rays,  by  refra£iion  through 
the  bade  of  the  prifm  ufed  in  the  experiment,  are  feparated  into  their  parts,  thefe  become 
divergent,  the  violet  and  red  emerging  at  very  different  angles,  and  thefe  werealfo  incident 
on  the  bafe>  at  different  angles  from  the  refraftion  of  the  fide  at  which  they  entered  :  when 
therefore  the  prifm  is  moved  round  on  its  axis,  as  defcribed  in  the  propofition,  the  bafe  is 
neareft  the  violet,  from  the  pofition  of  the  rays  by  refraction,  and  meets  it  firft ;  fo  that 
die  violet  being  reflected  as  foon  as  it  meets  the  bafe,  it  is  refledled  before  any  of  the  other 
i«ys,  not  from  a  different  difpofition  to  be  fo^  but  merely  from  its  different  refrangibility* 
Although  then  this  experiment  is  a  complete  proof  of  the  different  refrangibility  of  the  rays, 
it  proves  nothing  elfe ;  and  indeed  an  experiment  will  convince  us  that  the  rays  all  have 
the  fame  difpofition  to  be  refle£led,  provided  the  angle  of  incidence  be  the  fame.  For  I  held 
a  prifm  vertically,  and  let  the  fpe£hrum  of  another  prifm  be  reflected  by  the  bafe  of  the 
former,  fo  that  the  rays  had  all  the  fame  angle  of  incidence  ;  then  turning  round  the  vertical 
prifm  on  its  axis  when  one  fort  of  rays  was  tranfmitted  or  reflefted,  all  were  tranfmitted  or 
rcflc^ed.  We  cannot  therefore  apply  the  different  reflexibility  of  light  to  the  explanation 
of  the  colours  of  bodies,  fince  this  property  has  no  exiftence.  But  we  have  (hewn  that 
the  rays  differ  in  reflexibility,  taking  the  word  in  the  new  fenfe,  as  explained  above.  Let 
us  fee  whether  this  principle  will  not  folve  the  important  problem.  It  is  evident  that  the 
particles  of  bodies  are  fpecular.  Now,  I  take  the  colours  of  bodies  to  depend  not  on  the 
fize,  but  on  the  pofition,  of  thefe  paiticles,  or  at  lead  on  only  the  fize  in  as  far  as  it  in« 
fluences  their  pofition  ;  an  idea  perfedly  familiar  to  mathematicians. 

Obf  16.  In  making  fome  of  the  experiments  which  I  related  above,  on  the  reflexibility 
of  light,  1  obferved,  among  the  regular  images  made  by  moft  of  the  pins  which  I  ufed,  one 
or  two  all  of  the  fame  colour,  as  red,  blue,  &c. ;  and  when  the  piR  was  moved  thefe  moved 
alfo,  becoming  of  other  colours  in  regular  orderjike  the  refl ;  which  fhows  plainly  that 
their  being  of  one  colour  at  firft  was  pwing  to  fome  fibre  in  the  furface  jutting  our,  or  ra- 
ther to  feveral  of  thefe,  which  (lopped  the  red  and  all  the  reft  but  the  blue  of  feveral  images, 
or  the  blue  and  all  the  reft  but  the  red.  Farther,  I  produced  feveral  regular  images  by  two 
or  ihree  very  fmall  pins,  and  with  confiderable  trouble.  I  at  laft  contrived  to  place  them 
in  fuch  a  pofition^  as  that  one  blue  colour  of  confiderable  fize  might  be  produced,  then  a 
red,  and  fo  on,  by  altering  the  pofture  of  the  pins.  Now  whether  the  pofture  or  the  fize  be  al-. 
:^ered  it  matters  not,  for  the  one  affeds  the  other.    Is  it  not  evident  that  this  experiment, 
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and  the  conclufion  to  which  it  evidcntlf  leads,  may  be  tniilsf€Ttfed  to  the  tfobofa  of  Hatvfd 
bodies,  as  feen  by  teflexion  ?  For^  the  parts  being  fpeciilar  and  {jpherieal,  each  trill  form 
an  image  of  the  luminous  body;  and  by  the  pofition  of  the  fides  of  the  neighbomng  oneSf 
any  fix  of  the  colours  may  be  flopped  while  the  fevmtk  emerges  %  and  if  this  happens  in  one 
part  it  will  happen  in  all»  fmce,  that  the  texture  and  file  of  the  parts  is  the  fame  throughout 
has  never  been  called  in  queftion.  But  it  will  be  alked,  How  are  the  particles  to  reie£k  a 
mixture  of  different  colours  ?  We  abfwer»  That  a  particle  ha? ing  its  fide  Concave  and  front 
convex  will  produce  the  eficA )  for  the  colours  will  be  thus  mixed  in  a  proportion  dcter<* 
mined  by  the  pofition  of  the  others.  How  can  whitencfs  and  blackneis  be  produced  i  If 
the  particles  be  large,  then  the  whole  light  incident  on  each  will  be  reflefted  and  feparated^ 
and  all  the  images  being  compounded  and  mixed' tbgether^  a  confufed  fettlationi  or  a  feur* 
iation  of  white,  will  be  the  refult.  For,  the  parts  being  tranfparenl^  and  the  images  formed 
by  the  convex  furface  of  the  fecond  row  of  particles^  thefc  will  be  larger  in  proportion  t^ 
the  thicknefs  of  the  particles  or  plates  through  which  they  have  ta  pafs  before  they  meet 
with  obftruAion,  and  confequently  will  not  be  (topped  by  odier  particles ;  and  iu  like  manner 
the  colour  will  be  red  if  the  particles  are  a  little  lefs,  and  fo  on.  if  the  parliclea  be  tery 
ftnall,  the  light  will  be  feparated  into  images  alfo  fmall  \  with  which  and  with  one  another 
the  particles  interfering,  the  light  by  many  reflexions  and  obftru£lions  will  be  totally  loft* 
How  do  bodies  appear  of  their  proper  colours,  though  no  luminous  body  be  (hining  whofe 
image  may  be  formed  by  a  reflexion  ?  They  refled  images  of  the  clouds  whidi  tdttCt  the 
fun's  white  light ;  for  if  we  hold  between  our  eye  and  a  hole  in  the  window  iiluminated  by 
the  light  of  the  clouds  a  refleQing  body,  as  a  pin,  &c.  coloured  images  are  formed  of  the  hole 
didended,  like  thofe  of  the  fun,  as  I  have  often  found ;  and  the  fame  holds  of  inflexion. 
Why  does  cutting  a  body  to  pieces  not  alter  its  colours  ?  This  only  changes  the  pofition  of 
mafles  of  particles,  not  of  the  particles  themfelves ;  but  if  by  bruifing  them  we  change 
their  magnitude  and  pofition,  we  change  alfo  their  colonr :  thus  the  leaves  of  vegetaUes 
bruifed  in  a  mortar,  many  paints  powdered,  &c.  Why  do  many  bodies  change  colours 
when  Viewed  in  dificrcnt  pofitions  ?  Becaufe  they  rcflefl  two  colours  or  more  of  each  image 
to  different  quarters ;  and  it  matters  not  whether  their  pofition  with  refped  to  us,  or  our 
pofition  with  refpeft  to  them,  be  changed.  How  do  bodies  become  coloured  by  tranf- 
mitted  light  ?  Becaufe  the  foregoing  reafonings  apply  alfo  to  the  flexion  of  the  rays  in  their 
paflTage  through  the  parts  of  bodies.  Thefc  obfervations  appear  to  me  to  fumiih  a  very 
fimple  folution  of  the  problem;  I  (hall  endeavour  in  a  future  communication  to  confirm 
what  has  been  faid  by  other  remarks  and  experiments  *,  for  it  would  be  tedious^  and  per- 
haps fuperiluous,  to  illuftrate  what  has  been  faid  by  figures  and  demonftrarions  *• 

Purfuant  to  thcfe  remarks,  it  will  not  be  diflicult  to  account  for  the  rings  of  colours  of 
thin  plates  by  reflexion,  as  we  before  did  thofe  of  thick  plates  by  flexion  f.  Indeed,  thofe 
formed  in  the  experiment  of  the  two  lenfes,  fuppofed  by  Newton  to  be  owing  to  the  plates 

'^  It  is  obvious  that  the  di&rent  refrangihilicy  of  the  rays  will  not  account  for  the  bright  ind  diftiu6^  colour 
of  bodies.  If  the  refrad^ing  angle  of  a  prifm  be  continually  diminilhed,  til),  for  example^  it  is  equal  to  one  of  a 
minute,  the  refra^^ion  w'ijX  produce  no  fcnfible  colour.  Indeed,  almoft  every  piece  of  plane  glafs  has  its  fides  in  a 
fmafi  degree  inclined  to  one  another,  and  yet  no  colours  arfc  formed.  Much  Icfs  then  will  rcfra^on  through 
the  infinitely  fmaller  parts  of  bodies  produce  reparation  of  the  rayi» 

t  rage  5S9. 

of 


tf  111*  biftufeen  thettif  tippewt  to  htre  a  diflfeftAt  ct«fe|  as  ma^  be  without  tMth  fftafotfing 
gathered  from  the  etirioiH^ezpel^eM§of  th<  AbM  Maseaa*)  and  even  from  one  oi^  tw^ 
of  Sir  ffaac's  o^n^  in  ^hleh  he  fuppofea  toM&  nieditiln  Inote  ibbtle  thaa  air  to  be  betwMI^ 
the  glafies  f.  ^ut  at  prefisnt  I  forbear  entering  into  the  fubjedt  any  farther.  This  ^aper 
has  already  been  extentf^d  to  a  g^atef  leAgfh  dian  #as  at  firft  intended.  i\nd  I  baften  t^ 
conclude  by  a  fhort  fommary  of  propofitionSj  cbtitainiftg  the  principal  things  which  hiff t 
been  demonftralcd  in  the  courfe  of  it. 

Prop,  h  The  angles  of  inflexion  and  disflez{6li  titt  equal  at  equal  incidentes* 

Pr^.  If.  The  fme  of  infiexioit  is  to  tUK  of  iAdMence  in  a  given  latio  (which  is  det^ 
mined  in  the  paper). 

Prop.  ni.  The  run*8  Hght  confifts  of  parts  wliick  differ  in  degree  of  inflexibility  and  de- 
ftexibilityi  thofe  which  are  moft  refrangible  being  leaft  flexible. 

Prep.  TV.  The  flexibilities  of  the  rays  are  invcrfdy  as  their  refrangibilities;  yid  the  fjpec* 
trum  by  flexion  is  divided  by  the  harmonical  ratio,  Mice  the  fpeAnim  by  tefira£tiom 
•   Prdp.  V.  The  angle  of  reflexion  is  not  equrt  to  that  of  incidence,  except  in  particula? 
(though  common)  combinations  of  circumftanees^  and  in  the  mean  rays  of  the  fpe^hnini. 

Prdp.  VI.  The  rays  which  ate  moft  refnri^ble  are  leaft  reflexible,  or  make  the  leaft  angte. 
of  reflexion. 

Pf^.  VII'  The  reflexibilities  of  the  diflTei^ent  f^ys  are  invetfely  as  their  refrangibilitiet,  amt 
the  fpedrum  by  reflexion  is  divided  in  the  harmonical  ratio  ^  like  that  by  refraftton. 

Prop.  VIIL  The  fines  of  reflexion  of  the  diflfercnt  rays  are  in  given  ration  ti  tfaold  of 
incidence  (which  are  determined  in  tfic  paper). 

Prop.  IX.  IThe  ratio  of  the  fixes  of  the  diffi^em  parts  of  light  att  found; 

Prop.  X.  The  colours  of  natural  bodies  are  found  to  depend  on  the  different  reflexibilitlea 
of  the  rays,  and  fometimcs  oii  their  flexibilities. 

Prop.  XI.  The  rays  of  light  are  reflected,  refra£ied,  infleAedj  and  defle£led,  by  one  and 
the  fame  power  varioufiy  exerted  in  difiereht  circumftanccs. 
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III. 
Oft  certain  Points  of  Nomtnclature.     By  a  Corre/pondenU 

To  Mr.  Nicholson. 


I 


SIR» 


T  appears  to  me,  that  the  new  name  fariarin,  propofed  to  dcfignate  the  fubftancc  com^^ 
monly  called  vegetable  alkali^  is  more  obje£iionable  than  Wbme  of  the  number  of  names 
which  are  in  ufc. 

1.  Becaufe  the  word  tartar  U  familiarly  known  to  always  denote  a  fait  of  acid  properties, 
which  confifts  of  nearly  three  parts  of  tartareous  acid,  and  one  of  vegetable  atkalL 

2.  The  word  tartareous  acid^  which  is  already  employed  to  denote  the  acid  contained  in 
tartar  (and  for  which  fubftance  there  is  no  other  name),  fo  nearly  refembles  the  word  tartarin 
as  to  make  this  name  an  improper  one  for  the  alkali  of  tartar  and  of  vegetables  in  general. 

*  Mem.  de  rAcademie  pour  TAnaee  1738*  f  Optics,  Book  ii.  Part  I.  Obf.  x.  and  xi. 

3.  But 


ffS  Onile  NosMncla/uTi  of  Jikalu,  lsf4f* 

3.  Bat  ar  very  (mail  proportion  of  alkali  is  obtained  from  tartar  comparatively  wltli  thai 
fot  from  other  fources  j  and  it  feems  at  lead:  as  improper  to  call  it  iartarin  becaufe  it  is 
gotten  from  tartar^  as  it  would  be  to  call  it  fern  alkali^  wormwood  alkaiij  beech  alkali,  &c. 

I  agree  that  the  name  ^/-^  is  very  objeCkionable,  and  I  wifli  that  another  could  be 
thought  of  that  is  appropriate,  efpecially  becaufe  this  word  is  commonly  underftood  in 
cajmmerce  and  in  the  arts  to  denote  the  vegetable  alkali  in  its  ordinary  mild  but  impure 
ftate,  as  ufed  in  manufa£kories  ;  in  which  (late  the  alkali  is  only  partially  faturated  with 
carbonic  acid,  and  which  therefore  fliouid  be  called,  according  to  the  new  nomenclature, 
At^arionate  ofpoUaJh  j  whereas,  in  the  new  fyftem,  the  name  pot-afh  is  intended  to  Ggnify 
the  alkali  in  its  pure  or  cauftic  ftate. 

Confidering,  ift.  That  the  alkali  called  pot-afli  is  very  generally  diflFufed  through  the 
whole  vegetable  kingdom,  which  neither  of  the  other  fpecies  of  alkali  are — 2.  That  the 
other  fixed  alkali,  commonly  called  foflU  alkali,  or  foda,  exiils  principally  in  the  mineral 
kingdom— 3.  That  the  volatie  alkali  or  ammoniac  is  obtained  aimoft  entirely  from  the 
«dimal  kingdom— 4*  That  the  denomination  vegetable  alkali  is  (till  very  generally  employed^ 
and  has  been  fo  for  a  very  long  time — 5.  That  the  three  alkaline  falts  refemble  one  another 
in  fo  many  properties  as  to  form  a  natural  genus  which  may  continue  to  be  denominated 
alkali :^^l{2Ljy  from  thefe  conliderations  it  feems  beft  to  retain  the  former  fjpecific  terms vege- 
iable,  fo(El,  and  volatile  alkali  \  but  abbreviated,  as  propofed  (bme  years  ago  by  Mr.  Chriftie^ 
and  accordingly  to  employ  the  names  vegalkali^fo/kali^  and  volkali,  till  more  appofite  names 
^  foggefted.  , 

Give  me  leave  to  remark,  that  Engli(h  writers  are  not  uniform  in  their  orthography 

cf  feveral  terms  of  the  new  fyftem,  and  I  apprehend  £ome  of  them  write  improperly  | 

for  inftance : 

Ox/gen  and  oxygens  for  oxygen. 

Hidrogen  and  hidrogen^  for  hydrogen, 

Ox/d  and  ox^de  for  oxiJe, 

Sulph/i/  and  fulfate  [ot/ulphate: 

£ulphi/  and  fulfite  iotfulphiie*  ... 

Muriel/,  &c.  &c.  &c.  for  muriate. 

Cdlorique  for  caloric* 

We  hear  alfo  fome times  erroneous  profody,  for  inftance  caloric  for 'caloric. 

The  French  writers  uniformly  write  gaz,  and  the.Eoglifh  generally  ga/.  In  the  EnglKh, 
cither  mode  may  be  employed  \  but  the  French  probably  prefer  their  orthography  jkiz  on 
account  of  the  word  gas  founding  too  much  like  another  word  in  their  language  which 

excites  an  indelicate  idea* 

I  am,  Sir,  your  (incere  friend, 

A  VERY  HUMBLE  PHILOLOGER^ 

Fek.  17,  1798* 
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NEW    PUB  LIGATIONS. 


Eflai  fur  lc8  Ouvrages  Phyfico-mathcmatiqucs  dc  Leonard  de  Vinci,  avec  de  Fragmens  tires 
dc  fes  Manufcrits  apportcs  de  ^Italic.  Lu  a  la  premiere  Clafle  de  I'lnftitut  National  des 
Sciences  ct  Arts.  Par  J.  B.  Vcnturi,  Profefleur  de  Phyfique  a  Modene,  de  Tlnftitut 
de  Bolognc,  &c  A  Paris,  chez  Duprat,  1 797.—  Or,  An  Eflay  on  the  Phyfico-mathematical 
Works  of  Leonardo  da  Vinci,  with  Extrafts  from  his  Manufcripts  brought  from  Italy. 
Read  before  the  Firfl  Clafs  of  the  National  Inftitute  of  Sciences  and  Arts.  By  J.  B^ 
Venturi,  Profeflbr  of  Natural  Philofophy  ?.t  Modena^  Member  of  the  Inftitute  at  Bo- 
logna, &c.     Quarto,  56  pages,  with  one  plate. 

jHLMONG  the  treafures  of  fcience  and  art  which  the  French  have  lately  brought  froBjt 
Italy,  arc  thirteen  manufcript  volumes  written  by  Leonardo  da  Vinci,  whofe  extraordidaiFy 
powers  as  a  painter,  fculptor,  mufician,  geometer,  ph]lofopher,  and  engineer,  are  well  known* 
Citizen  Vcnturi,  who  refided  in  France  during  the  war  in  his  own  country,  has  obtained  the 
communication  of  thefe  manufcripts,  and  has  feleded  fuch  parts  as  appear  deferving  of  pub- 
Ikation,  which  he  purpofcs  to  print  in  three  feparate  and  complete  treatifes,  on  ihechanics, 
hydraulics,  and  optics.  The  fragments  in  the  prefent  work  are  for  the  moft  part  diftinQ;. 
and  feparate  from  thofe  principal  matters,  and  are  enriched  with  notes  by  the  editor. 

Leonardo  was  born  in  1452.    He  was  the  natural  fon  of  a  notary,  whofe  family  poflcfll'S. 
at  thitf  day  at  Vinci  in  Tufcany  the  fituation  of  refpeflable  mediocrity.     Nature,  which,  as- 
C.  Venturi  obferves,  is  not  aQuated  by  conGderations  of  birth,  was  prodigal  of  her  gifts- 
to  this  man.  His  perfon  was  beautiful;  his  difpofition  animated  and  lively,  and  the  powera* 
of  his  mind  wonderful.    He  applied  to  geometry,  mufic,  and  painting,  and  in  each  of  thefc- 
purfuits  he  foon  excelled  his  teachers.     He  was  called  to  Milan  to  caft  an  equeftrian  ftatuc. 
in  bronze,  which  Louis  Sforza  confecratcd  to  the  memory  of  his  father.     He  offered  his. 
fcrvices  to  the  Duke  in  every  undertaking  relating  to  military  machines,  water-works,, 
fculpture,  mechanics,  and  painting,  with  a  defiance  to  any  one  who  (hould  pretend  to  excel, 
him  -,  a  boaft  which  indeed  he  had  the  means  of  fupporting.    When  France  took  poffeflion. 
of  the  Milanefe  at  the  end  of  the  15th  century,  he  paffed  feveral  years  at  Florence  ;  not 
becaufe  he  was  in  any  refpedl  prejudiced  againft  the  French,  as  is  reported  -,  on  the  con- 
trary, Louis  the  Xllth  gave  him  a  penfion,  together  with  certain  duties  on  the  Milanefe* 
canals,  where  Leonardo  was  employed  under  the  French  government.     While  he  was  at 
Florence  he  felefted  two  of  the  moft  beautiful  ladies  of  the  country,  with  the  intention 
of  drawing  their  portraits,  and  prefented  them  to  Louis  the  Xllth.     He  left  Milan,  and  re- 
paired to  Rome  in  1 5 13,  after  Sforza  had  again  entered  the  Milanefe;   after  which  he 
went  to  France  on  the  invitation  of  Francis  I.  where  he  died,  as  it  is  faid,  in  the  arms  of 

that  prince. 

I  (hall  forbear  at  prefent  to  enter  into  any  detail  refpedling  the  contents  of  this  interefting 
work  in  which  this  great  genius,  who  preceded  Chancellor  Bacon  in  the  true  method  of 
philofophifing  near  a  century,  has  the  peculiar  felicity  of  an  editor  and  commentator, 
whofe  valuable  annotations  befpcak  him  a  complete  mafter  of  the  fubjefts  of  fcience  and 
refearch  he  has  undertaken  to  publifh  and  elucidate.  On  a  future  occafion  I.  (hall  prefent 
my  readers  with  fome  cxtrafts  of  the  moft  curious  parts. 

Phyfiology;, 


690  tfew  PuHlettUnt* 

Wiyfiology  ;  or,  An  Attempt  to  explain  tlic  Fun£lion8  and  Law8  of  the  Nervous  Syftemf 
tlie  Contra£lioii  of  Mufcular  Fibres,  and  the  conflant  and  involuntary  Afllons  of  the 
Heart,  the  Stomach  and  Organs  of  Refpiration,  by  Misans  of  (imple,  univcTfal,  and  u(i* 
^'arying  Principles.  To  which  are  added,  Obfervations  on  the  intelle£tual  Operations 
of  the  Brain ;  and  on  the  Diverfity  of  Senfations  j  with  Remarks  on  the  Efledls  of 
IVifons,  and  an  Explanation  of  the  Experiments  of  Galvani  and  others  on  Animal  tlcc* 
trici'y.     By  E.  Peart,  M.  D.  &c.     8vo.     327  pages.     W.  Miller,  1798. 

I  have  juft  received  this  workj  for  which  reafon  lean  at  prefent  only  announce  its 
publication,  and  fay  that  the  author's  explanation  of  the  phenomena  mentioned  in  the 
title  appears  to  be  founded  upon  the  fydem  which  he  offered  to  the  world  in  hi^  £le« 
Dicncary  Principles  of  Nature  publiflied  in  17S9. 

Travels  in  the  Two  Sicilies,  and  fome  Parts  of  the  Apennines*  Tranflated  from  the  origi- 
nal Italian  of  the  Abbe  Lazzaro  Spallanzani,  Profeflbr  Royal  of  Natural  Hi llory  in  the 
UnivcrGty  of  Pavia,  F.  R.  S.  &c.  &c.    la  Four  Volumes  8vo.      1500  pages^  witli 

II  Plates.     Robinfons,  i7q8. 

This  celebrated  philofopher  had  the  good  fortune  to  obtain  a  clear  and  diftin£l  view  et 
three  out  of  the  four  craters  which  are  ftill  burning  in  the  volcanized  countries  through 
which  he  travelled,  namely,  Etna,  Stromboli,  and  Vulcano,  of  which  he  has  given  deGgns; 
but  at  Vefuvius  his  wifli  could  not  be  gratified.  The  Lipari  Iflands  have  been  the  fubje£l  of 
his  afGduous  examination,  as  well  with  regard  to  their  igneous  produflions,  as  the  (late, 
chara£ler,  and  occupations  of  the  inhabitants  ;  and  the  environs  of  the  unfortunate  city  of 
Meffina  afibrded  much  information,  from  the  variety  of  natural  obje(9s  they  prefented. 
Scylla  and  Charybdis ;  the  fifheries  in  the  Straits  of  Meffina  for  the  fwoid-fifli^  tho 
ravenous  (hark,  and  for  coral,  with  various  other  interefting  obje£is^  'zlh  engaged  hti  at- 
tention during  his  excurfion  in  the  year  1788-89. 

To  fay  that  thefe  volumes  contain  a  trcafure  of  geological  and  chemical  information, 
is  fcarcely  neceflary  to  thofe  who  are  acquainted  with  the  former  labours  of  the 
Profeflbr.  I  niuft  therefore  more  particularly  obferve,  that  he  has^traverfed  thefe  intereft- 
ing diftrifts,  contemplated  and  compared  the  volcanic  produ^s  with  a  particular  regard 
to  local  circumdances,  and  the  inferences  to  which  thofe  circumftances  lead ;  ex« 
amined  the  fevcral  fubftances  with  every  precaution  which  the  diflEiculties  of  fixing  the 
external  charafters  and  obvious  properties  coufd  fugged  ;  fubmitted  them  to  the  action 
of  fire  before  the  blow-pipe,  and  in  the  furnace,  with  the  pyrometer  of  Wedgwood  and 
*  pneumatic  apparatus  ;  and  laftly,  that  in  fuch  fpecimens  as  could  not  from  their  cisternal 
charaders  be  referred  to  known  earths  already  analyfed  by  chemifts  of  reputatiop^  he 
has  had  recourfe  to  the  methods  of  humid  analyfis.  Where  his  experimental  enquiries 
h^ve  proved  concife,  he  has  frequently  incorporated  them  with  the'account  of  his  journeys  ; 
hut  where  otherwife^  he  has  plac^  them  with  fuch  fubjeds  of  general  diCcMflion  ^  cqu}c). 
not  form  a  part  of  his  narrative  in  the  order  of  time. 

From  this  rapid  (ketch  of  his  method  of  proceeding,  the  reader,  who  may  be  acquainted 
with  the  advantages  which  the  modern  improvements  of  Chemifliry  muft  a£Ebrd  in  the  bands 
of  an  enlightened  obferver,  will  be  able  to  form  fome  eftiraate  of  the  value  of  the  work. 

JEND  OF  THE  FIRST  VOLUME, 
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ADVERTISEMENT. 


London,  March  r^  1798. 

Xx.  YEAR  has  neatly  elapfed  Cnce  this  Journal  firft  appeared.  A  complete  Volume 
is  now  before  the  Public  ;  on  which  occafion  it  feems  neceiTary  to  mention  the  nature  of 
its  contents.  Enough  has  already  been  faid  of  the  utility  of  fuch  a  Work  and  the  duties  of 
the  Editor;  among  which  fidelity  and  accuracy  are  undoubtedly  the 'chief.  Whatever 
defers  of  ability  may  appear  in  the  (hare  I  haive  had  in  this  colleflion,  I  can  with  con- 
fidence aflert  my  claim  to  thole  moral  requifites.  I  have  defcended  to  none  of  the  arts 
of  Book-makers.  No  commendatory  letters  have  Sowed  from  my  pen :  no  imaginary 
congratulations  are  echoed :  no  pretended  fucce £3  forms  the  fubjefk  of  my  acknowledge- 
ments. I  have  confided  in  the  fincere  performance  of  my  eBgagement  with  the  Public ; 
and  have  folicitod  die  apfarobation  of  good  men  by  fuch  means  only  as  my  heart  could 
thoroughly  approve*  I  truft  it  will  give  pleafure  to  many  of  my  Readers  to  hear  that  I 
have  not  been  difappninted.  The  friendfhip  and  correfpondence  of  men  whofe  talents 
and  virtues  I  revere^  men  whofe  approval  conftxtotes  the  only  eftiiii9d>]e  part  of  fime^ 
have  amply  overpaid  my  exertions :  and  in  a  commercial  vitWy  though  I  have  found  the 
fale  of  flay  book  uac^pial  to  what  might  have  been  expe£ted  in  times  of  lefs  general  dtftrefs^ 
yec  it  has  been  progrefllvely  increaflng^  and  fufficient  to  encourage  my  perfeveimxioe« 

The  copious  Table  of  Contents  will  render  it  unneceflary  to  recapitulate  any  of  the  ex* 
cellent  works  I  have  received  or  colle£ted.  I  have  adhered  to  the  principles  of  felcAion 
which  are  exprefled  in  the  Preface  publiihed  lad  year,  and  have  been  more  folicitous  to 
offer  productions  of  real  merit  and  utility  than  fuch  as  were  chiefly  remarkable  for  their 
novelty.  It  will  be  feen,  however,  that  nearly  half  the  papers  in  this  volume  are  ori« 
ginal  and  intereding  ^  that  above  a  third  conGfls  of  new  and  important  works  which  have 
never  yet  appeared  in  our  language ;  and  that  the  remaining  part  confifts  either  of  digefted 
reports  and  abridgments  of  excellent,  but  voluminous  papers  difperfed  in  academical  col- 
lections, or  fuch  as  from  other  circumftances  deferved  to  be  copied  intire. 

Men  of  information  will  hence  perceive  that  thi^work  is  not  an  indifcriminate  compl-» 
lation  of  things  neareft  at  hand,  nor  a  loofe  temporary  record  of  tranfaCiions  which  a  few 
years  muft  render  worthy  of  the  oblivion  they  will  experience.  It  is  reafonable  to  hopo 
that  it  will  every  year  become  of  more  value,  as  the  RepoGtory  of  Difcoreries  in  Science 
and  the  Arts ;  and  that  it  will  tend  to  accelerate  the  progrefs  of  bodu 
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Page  13. 1.  4.  >.  etbrr  engagements. 

15. 1. 17.  r.  as  in  the  figure ;  tbefe  lines  were  parallel 
to  the  threads  of  the  cloth. 

17. 1.  26.  r.  Inftrument.  And  in  the  plate  certain  let- 
ters are  omitted,  which  however  may  be  eafUy  fup- 
pUed  from  the  uxu 

64.1.  15.  r.  0.0106. 

66.  I.  39.  r.  one.fhird  more, 

68. 1.  ic.  r.  Figure  11. 

73,  1.  15.  r.  Market.  

%j.\.  i8.r.Xi^*.7854— 31— 18^*.  7854=5 5W. 
107. 1.  8.  of  the  note»  r.  which  «re  of  the  fame  nature. 
124. 1.  a.  r.  A«  divided  the  whole. 
139*  throughout  the  mathematical  p«rt>  for 

144.  L  24.  jr.  jina/y/es, 
- 174.  bottom  line,  r.  eigbteentb  Volume. 


Page  186. 1..5.  of  the  Mathematical  queftion,  r.  Then  D^s 
chance. 

207.  1. 3 1,  r;  metewologieaJ  apparatus. 

266.  L  41.  dele  and  rtpdled. 

304. 1.  le.  r.  or  the  water. 

313. 1.  24.  for  communication  r.  faper^ 

38  r.  to>the  note  add  .r,  page  251. 

382.  1.  37*  r.  Smfaees. 

399. 1.  5^  r.  as  it  would  have  otherwife. 

418. 1.  22.  r.  ^/ofreof percuffion. 

422.  1.  36.  read  fiveyrrf  wide. 

431. 1.  24.  lor  fine  H  X  fine  k  \  or  putting  radiiu  «• 
unity,  Cof.  «  sas  Cof.  tfy  Ac.  read  fine 
H  X  fine  ^  X  radius ;  or  putting  nidiat 
ss:  unity*  Cof.  A  sss  coC  «y  9k,   " 

^^  1. 26.  read  Mr.  WUliim  Caftieau. 
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IV.  Experimental  Refearches  to  afcertain  the  N^ature  of  the  Procefs  by  whicli 
the  Eye  adapts  itfelf  to  produce  diftinft  Vifion  —  p^  305 

Mr.  Young's  obfervations  on  the  mufcularity  of  the  cornea*     Mr,  John  Hunter's  difcovery  of  the. 

fame  fibrous  ftrudure.     Dr.  Hoffackfs  iaveAigatioQ  of  the  effed  of  the  external  mufcles  of  the  eye. 

Mr.  Home's  leAure  on  the  eye.     Mr.  Ramfden's  obfervations,  tending  to  (hew  the  true  purpofc 

anfwered  by  the  ftrufture  of  the  cryftalline.    Very.  (Iriking  inllance  of  adjuftment  in  the  eye,  after- 
-    cxtraftion  of  the  cryftalline.     Experiments  to  (hew,  that  the  aftion  of  the  ftrait  mufcles  caufes  a^ 

variation  in  the  cornea,  at  the  inftant  of  adjuftment,  and  of  the  {ame  kind  as  that  adjullment  de*-  t 

mands.    RecapitulationV  .  » 

I 

V.  Concerning  the  Properties  of  the  Sulphureous  Acid^.and.  its  Con^binationsf 
with  Earthy  and  Alkaline  Bafes.  By  Citizens  Fourcroy  and  Vauquelin  p.  3 1 3 

Phyfical  properties  of  the  acid— chemical- properties  with  caloric;  oxygene  ;  water;  other  acids;: 
combuftibie  bodies ;  alkalis. 

yi.  A  Memoir  on  the  Nature  of  the  Alum  of  Commerce,  on  the  Exiftencc  of 
Potalh  in  this  Salt,  and  on  various  fimple  or  triple  Combinations  of  Afuminc 

:  with  th6  Sulphuric  Acid.  Read  before  the  Natioiul  Inflitute  of  France. 
By  Citizen  Vauquelin  —  —         —        —       —        p*3r8 

Theory  of  the  effeft  of  alkalis  in  alum-making,  requires  elucidation*  Pare  fulpbate  of  abmine  does 
not  cryftallize.  It  cry ftallizes  by  the  addition  of  a  few  drops  of  folution  ot  potafh ; — ^but  not  by 
^boaatfS  pi  iiofSa;  9qr  limes-  nor  barytes.  The  addition  of  potafli^  or  ammoniac,  does  not  fer?« 
t^  bturate  an  exceb  of  acid  :.  their  Xiitphates  ahCwer  the  fame  purpNofe,  even  though  they  may 
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have  excefs  oJF  acid.  Cryflallized  alum  u  a  triple  fait,  and  contains  a  notaUe  proportion  of  potifliy 
or  ammoniac*  Analyiis  of  the  ihiias  of  commtrce.  Gtnehll  ft&ilu  of  much  importance  to  the 
arts,  &c. 

VII.  Defcription  of  an  Inftrumeot  proper  to  meafure  ihe  Volume  of  a  Body, 
without  plunging  it  in  any  LiqiiicL    By  H»  Say,  Capitainedu  Genie    p.  325 

Determination  of  the  bulks  of  bodies,  by  unmerfion  in  air  infteid  of  water  or  other  liquids.  lamita 
of  error  in  this  method. 

VII I .  Ufeful  Notices  refpeding  various  Objedb. — Styrian  Steel — ^Elaftic  Strings 
for  Mulical  Inftrumcnts,  and  other  Purpofes.    Wheels  without  Cogs    p.  318 

Styrian  (leel  is  made  from  any  kind  of  iron,   Procefs*   Silk  fubftituted  for  catgut.   Wheels  adingoa 
each  other  by  the  end  grain  of  wood. 

'IX.  An  economical  Pxoceft  10  '■'rain  pure  cauftic  Alkali  in  the  large  way, 
Avith  fufed  Potafh^  or  the  Lapis  Caufticus.  *  By  Citizen  Bouilloa 
Le  Grange  —  —  —  —  p.  349 

Apparatus.    Depuration  of  alkali  by  flaking  with  limei  percdation  of  water,  and  fubfeqnent  erapo- 
ration  in  an  iron  veiFeL     Berthollet's  method  with  alcohoL 

.     X.  A  Table  for  reducing  the  Unities  of  the  Metre,  Litre,  and  Gramme,  into 
Englilh  Inches,  Gallons,  and  Grains  —  —  p.  j^^ 

Mathematical  and  Philofophical  Correfpondence  —  _         p,  j jj 

Mr.  Varlcy's  fcheme  for  a  perpetual  motion. 

Publications  on  Galvanifm  —  -^  -^  p^  ^33 
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T.  Experiments  and  Obfervations  on  the   Nature  of  Sugar.      By  William 
Cruickfhank,  Chemift  to  the  Ordnance,  and  Surgeon  of  Artillery         p.  337 

De(lroAi¥«  diftiUation  of  fngar — and  cf  gfum  arabic.  Pkieumatic  experiments  on  maldng.  Oxygene 
is  abfbrbed  \  and  is  abfolutely  neccflary.  -Experinents  fcr  coofertiog  fugar  into  moci^ge,  by 
abftrafiing  oxygene«   Unfuccefsful  attempts  to  convert  gum  into  fugar. 

IL  An  Account  of  the  Manner  in  which  Heat  is  propagated  in  Fluids,  and  its 

.  general  Confequences  in  the  Economy  of  the  Univerfe.     By  Benjamin  Couoi 

of  Rumford  (Continued  from  p.  296.)  -—  -—  P*  34^ 

The  motion  of  a  finid  while  cboagiag  its  temperature,  (hewn  in  a  Jlriking  maimer  by  floating  pieces 
of  amber.  The  upper  part  of  a  fluid  may  boll  without  -heating  the  reft.  EsperimeatB  witii  iee 
and  water,  by  which  it  is  fhewn,  that  water  at  40  degrees  will  meh  as  much  ice  while  ftanding  on 
its  &cface»  as  an  equal  vohime  of  boiling  hot  w«Cer. 

III.  Experiments  and  Obfervations  made  with  the  View  of  afcertainin^  the 
Nature  of  the  Gaz  produced  by  paflSng  elcftric  Difcharges  through  \Vatcr ; 

with 
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with  a  Defcription  of  the  Apparatus  for  ibcfe  Experiments.    By  George 
Pcarfon,  MLD.  F.R.S.  (Concluded  from  p.  305)  —  p.  349 

Oblenrationi  and  inferences  concernmg  tlie  effect  of  elcArkity  oa  water^  in  \ht  cxperimentf  recited  ; 
and  tbc  general  do&rinet  of  chemiftry  which  they  tend  to  explain. 

IV.  Obfervations  on  the  Eledropboret  tending  to  explain  the  Means  by  which 
the  Torpedo^  and  other  Fitb^  communicate  the  electric  Shock  p,  3.55 

Adion  of  the  ded^rophore.  Expen'menti  with  eleftrophores  of  talc— •Computations.^-Figure  and 
dtmenfiona  of  the  eleftric  organs  of  the  Tfarpedo,  Induftion  of  their  capacity  or  charge.  Fadh, 
which  (hew  that  a  mechanical  Torpedo  might  he  made,  capable  of  giving  innumerable  mocks,  and 
retaining  its  power  for  an  unlimited  time.  Conjedures  on  the  adual  means  of  operation  in  the 
Torpedo* 

V*  A  Letter  from  Mr.  Von  Humboldt,  to  Mr.  H.  Van  Mons,  on  the  chemical 
Procefs  of  Vitality ;  together  with  the  Extradt  of  a  Letter  from  Citizen 
Fourcroy,  to  Citizen  Van  Mons,  on  iheifione  Subjeft  —  p.  359 

Bxperimenta  on  the  effect  of  chemical  agents  upon  the  irritability  of  the  limbs  of  igaimals.-- Caution 
Af  Citizen  Fourcroy  againft  multiplying  hypothefes* 

VI.  Concerning  the  Properties  of  the  Sulphureous  Acid,  and  its  Combinationa 
with  Earthy  and  Alkaline  Bafes.  By  Citizens  Fourcroy  and  Vauquelin 
(Concluded  from  p.  318.)  —  —  . —  —        P*  364^ 

Habitudes  of  the  fulphates  of  foda,  of  ammoniac,  of  magnefiay  of  barytes,  and^of  alumina* 

VII.  An  Account  of  the  Great  Copper- Works  in  the  Ifle  of  Anglcfey.  By 
Mr.  Arthur  Aikin  —  —  —  —  P«  3^7 

Account  of  the  mines.  They  arc  for  the  mod  part  open  quarries.  Nature  of  the  ores ;  working 
procdTes;  number  of  men  empbyed.  Port  and  town  of  Amlwch.  AfpeA  of  the  fliore.  Village 
of  Cemmacs ;  eilimable  manners  of  the  inhabitants. 

VIII.  A  Method  of  difpofing  Gunter's  Line  of  Numbers,  by  which  the 
Divifions  are  enlarged,  and  other  Advantages  obtained  — .  p.  372 

Theorems.  ConftruAion  of  a  Canter's  line,  in  which  the  divifions  are  enlarged  eight  times.-^ 
Condru^ion  of  a  fpiral  logarithmic  line,  feven  inches  in  diameter,  but  of  e^ual  power  to  that  of 
a  Gunter's  rule  40  feet  long. 

IX.  On  the  mechanical  Projefts  for  affording  a  perpetual  Motion  p.  375 

What  is  a  ^erpetual^  motion  ?  PrweAs  of  Bifliop  Wilkins— of  the  Marquis  of  Worceftcr— 
of  Orfyreus*^  Dr.  Shiviers.  Confiderations  on  the  caufes  of  theie  deceptions.  ^  Inftruoient  of 
Pcfaguliersy  and  of  ihe  author,  to  fhew  thfi  fallacy  of  the  notion  from  whidi  prpjeQors  of  fuch 
fehemes  rtafon.     Effential  requifite  to  a  perpetual  motion.     Enumeratiou  of  fuch  natural  agents 

'    aa  may  keep  a  machine  in  motion,  as  long  as  it  retains  its  fbrni,  or  till  it  is  worn  out. 

X.  Ufeful  Notices  refpeding  various  Objefts— Silver  alloyed  with  crude 
Platina— Tempering  of  Steel — Rifled  Shot  ~-  —  p.  380 

Attempt  to  unite  filver  and  platina.  Sudden  increafe  of  ignition  at  the  inftant  of  congealing.  On 
thCr  wdfcis  and  teoacitv  of  fteel.  Tempering  bv  the  c<^r;-^y  blaaiog  ;-^nd  by  oil.  Rifled 
ihot.  Experiments  whicn  fliev  that  they  reypWe,  bi4t  do  move  with  more  preci&on  than  round  (hot. 

Mathematical  Corrcfpondence         .    ~  .i—    ^         —  P*  383 
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I.  Concerning  the  fpoiuaneous  AAion  of  concentrated  Sulphuric  Acid  on  y^n 
gctableand  Animal  Subftances^,  its  Adion  upon  Alcohol^  and  the  Formation 
of  Ether.     By  Citizens  Fourcroy  and  Vauquelin  —  p.  385 

■ 

'Ancfcht  and  pneumatic  tlicories  erroneoas.    A£lion  of  fulphuric  add  on  veffetab1e«— fuppofed  to 
'    deprive  the  acid  of  oxygeiie — but  does  not.     The  acid  actrads  oxygene  aiid  .hydrogene,  and  be- 
comes diluted ;    the  vegetable  depoflts  coal,   and  forms  acetous  acid.     The  difpofing  affioitir- 
Synthetical  inferences.     A6Uon  of  fulphuric  acid  on  foroe  vegetable  and  animal  fubihincet   is 
more  complicated.     New  path  opened  for  the  analyfis  of  vegetables.     Popular  theory^  of  ether 
.erix^nLOua.    Experiment  detailed.    Indudlions.   The  true  theory,  as  pointed  out  by  expetiment. 

II.  On  the  Multiplier  of  Eledtiiciry.  By  the  Inventor,  Mr.  Cavallo:  with 
Obfervations  —  —  —  —  P-  J9"4 

Quotation  refpe£^ing  the  fpinning  indrqment.  It  differs  in  principle  from  the  multiplier^  and  is  a 
condenfer«  The  multiplier  does  not  demand  a  (lock  of  ele<5lricity,  but  operates  by  means  of  an 
abfolutely  fmall  quantity.  Hillory  of  inftruments  for  (hewing  weak  eledricity*  Compenfationt  in 
the  jar,  the  conjugate  condudors,  the  can  and  chain^  the  ele&ncal  well,  ribbands,  and  iilk  ftock- 
ings,  vindicating  cleftricity,  and  the  eledlrophore.  Firft  procefs  of  doubling.  V6lta*s  condenfer. 
Bennet's  doubler.  Mechanical  doublers  of  Darwin  and  Nicholfon.  Tlieir  ambiguity.  Cavallo*3 
very  perfeA  condenfer,— does  not  remove  the  ambiguity  of  the  doubler — neither  does  the  fpinning 
inilniment,  which   is  an  improvement  on  the  condenfer.     Cavallo's  multiplier;  operation  and 

-  power.  Uncertainty  of  the  doubler  exifls  in  the  other  inftruments,  though  the  doubler  alone  can 
fhew  it.  * 

lil.  A  Memoir  on  certain  Methods  of  Economy,  and  Improvement  in  the 
Manufadlure  of  Hats.     By  Citizen  Chauflier.  —  —  P*  399 

Political  confiderations*  Art  of  the  hatter.  Operation  of  felting  explained  by  Monge.  Why  cock 
and  hen  featliers  arc  iDfcrior  to  thoCe  of  gecfe.  'Probable  remedy.  Sulphuric  acid  in  the  bath 
fur  felting  hals.     Advantages.     Stiffening. 

IV.  Doubts  concerning  the  Exiftence  of  a  new  Earth  in  the  Mineral  from 
New  South  Wales,  examined  by  Wedgwood  in  the  Year  1790  p.  404 

JExamination  of  the  Sydney  earth,  by  Klaproth — by  Wedgwood— Contraft  <Jf  the  experiments  of 
*  *  both.     They  did  not  examine  the  fame  fubftance. 

V.  A  philofophical  Memoir,  containing,  i.  Experiments  relative  to  the  Pro- 
pagation of  Sound   in  different  foHd  and   fluid   Mediums. — And,  2.  An 

.  experimental  Enquiry  into  the  Caufe  of  the  Refonancc  of  Mufical  Inftru- 
ments.    By  Mr.  Perrole:  with  Annotations  —  p.  411 

Tranfmlflion  of  found  through  wood— metals — (Irin^— and  other  fdids;— thrqugh  fluids.  Refouant 
propel  ty  of  various  bodies.  Undulations  of  the  air,  and  of  fonorous  bodies.  Whether  air  be  the 
medium  of  found.  Why  found  is  bed  heard  in  the  night.  Obfervations  relating  to  an  acoufUc 
tube.   Sonorous  bodies  vibrate.     On  the  external  ear,  and  the  tympanum.     General  requiiltrs  of 

au  inflrument  for  magnifying  found. 
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VI.  Concerning  the  Steam  Engine,  as  originally  invented  by  the  Marquis  of 
Worcefter,  and  the  Improvements  lince  made  in  Steam  Engines  without  the 
Pifton,  or  Lever.  With  a  Defcripcion  of  an  Engine  of  this  Kind  conftruaed 
by  Mr.  Peter  Keir,  of  KentiQi  Town  —  —  P-  419 
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Marquis  %{  Worccftcr'i  dcfcription— Savcry's  engine.  Hiftoiy  and  adjuftment  of  the  claims  of  the 
Marquis  of  Worcefter  and  Savery  as  to  the  invention  of  the  fteam  engine.  Papin's  (learn  engine* 
The  engine  with  a  piilon.  Comparifon  of  Savery's  and  Newcomen's  engines.  Keif's  engine  on 
Stflkry's  principle.    Dei'cription.    Peculiarities*    Steam  engine  with  lifts. 

VII.  On  the  Mechanifm  by  which  the  Mariner's  Compafs  is  fufpended  p.  426 

Introdudion.  Sufp^fion  of  the  magnetic  needle  on  a  cap — requifites  for  ileadinefs.  Compafs-box 
fupported  on  a  point— or  by  gimbals.  Adjiiflmeot  of  the  gimbals  for  fteadinefs.  £afy  trial  of  « 
^^^^^^P<^^'*    Lorimer's  fufpeniiun  of  the  dip^)ing  needle  By  gimbals* 

VIII.  On  the  maintaining  Power  in  Clocks  and  Watches  —         p.  429 

Vibrationsof  pendulous  bodies— -Train  of  wheels. 

Mathematical  and  Philofophical  Correfpondence  —         —  p.  430 

^tical  queftion  concerning  the  glory  in  water  anfwercd.  Vliible  emanation  from  re£llfied  animal  piL 
Anfwers  to  mathematical  queftions. 
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I.   Experimehts^  made  with  a  View  ta  kfcertain   the   Caufe  of  Buildingt^ 
which  have  metallic  Conduftors  belonging  ro  them,  being  ftnick  by  ligfac* 
nittg.  ^  By  Lieutcnatit-Coloncl  Haldane  —  —  p.  433, 

Geotral  Kmark«.    Dcfcnption  of  the  apparatus*    Ezperimcntt.    Condufion* 

IL  New  ConRrudioa  of  the  Air  Pump;     By  James  Sadler,  Efq.  Chemift  to 
the  Admrraliy  —  —       —  — -  —  p.  441 

Two  conftrudioDiof  air  pumps,  ia  which  the  vacuum  hs  rendered  more  perfe^  Uy  the  interpofitiosi 
•of  a  fluid.  .  " 

Ifl.   Obferv^ons  pn  Phofphorus.-     By  Citizen   Brugnatelli,    Pl-ofeflbr  or 
Chemiftry,  &c.  at  Pavia  ««  -^  —  p*  444 

Solution  of  phofphorus  in  oxjgcne  gas  becomes  luminous  by  the  addition  either  of  the  oxygenated^ 
muriatic  acid  gas  or  nitrous  gras.  Phofphorus  diflblved  in  hydrogenc  gas— Appearances  of  phor— 
phorus  in  oxygenated  muriatic  acid  gas-— in  carbonic  acid  gas— and  atmofphenc  air*  Solution  in* 
oil- of  turpentinci  and  alcohol ;  effeds  of  water  on  the  latter  fblution-— and  of  other  fluids*.  Phofii^ 
phorated  ether.     Recapitulation. 

IV*  On  the  Advantage  of  inverting  the  Slider  in  many  Operations  on  th«: 
common  Sliding  Rute.     By  the  Rev.  W.  Pearfon,  of  Lincoln  p.  45a) 

Methods  of  working  arithmetical  queftions  on  Gunter's  rule  with  the  inverted  Aider. 

V.  Abftraft  of  a  Memoir  entitled  "Enquiries  concerning  the  Nature  of  Prujflian^ 
Blue/*    By  Mr.  Prouft  —  —  —  —       p.  453; 

Iron  is  not  oxidable  at  the  intermediate  terms  between  the  extreme  proportions  of  oxygene.  It  affbrdt' 
two  fulphates  only ;  the  g^en  cryftallizablc^  and  the  red  not  cryftaUixable  ;  and  there  it.no  inter-- 
mediate  (alt.  Properties  of  thefe.  The  green  fulphate  affords  a.  white  pmffiate ;  which  npMy 
abforbs  oxysene  and  becomes  blue.  The  red  fulphate  affords  the  moil  lively  blue  pruffiate.  The. 
yellow  oxide  of  iron  is  as  completely  faturated  with  oxygene  as  the  red.  rruffian  blue  is  dtibzj- 
genatedy  and  converted  into  the  white  pruifiate,  by  keeping  in  a  dofe  vefiel  with  water  and  plates- 
of  iron  or  tin.  Other  fads  concerning  the  definite  oxidation  of  metals*  Ufeful  oblervatioDSOJi- 
ink  and  the  Uack  dye» 

VI.  An  AccoVAt  of  feme  Experiments  to  determine  the  Force  of  fired  Glin* 
powder*   By  Benjamin .^ount  of  Rumford,  F.R.S.  M.R,I*A.  p.  459} 

Gunpowder  fired  in  a  clofe  vefleK  Attempts  to  meafure  it»  elaftic  force..  Detail  of  the  appt* 
ratus  and  expetiments.  An  heavy  weight  vms  applied  to  the  mouth  of  a  metallic  barrely  in  order 
that  the  explofion  might  tend  to  raife  it*  When  the  force  was  infuffictent  to  raife  the  weight,  it 
did  not  continue  to  exert  the  fame  adion  after  the  explofion  as  at  the  inflanr  oT  that  event.  Sin- 
gular hard  black  refidue»  of  a  pungent  alkaline  tafte  and  hepatic  fmell— concluded  to  have  been  m 
the  elaftic  fUte  during  the  explofion.  A  barrel  |  inch  bore,  and  2^  inches  external  diameter, 
burft  by  28  grains  of  gunpowder.  Experiments  and  dedudions  from  which  it  is  inferred  that  a 
force  of  54750  atmofpheres  was  exerted  in  producing  this  effed.  Other  experiments.  Table  of 
refults. 

VII.  Ob- 


CONTENTS.  xzHt 

VII.  Obfcrvations  and  Experiments  on  Steel  refembling  that  of  Damafcus; 
with  an  eafy  Ted  for  determining  the  uniform  Quality  of  Steel  before  it  is 
employed  in  Works  of  Delicacy  of  Expence  —  —        p.  468 

Defcription  of  a  fabre  of  Damafcut.  Its  reputed  properties.  Suppofed  proceft  for  makidg  Damaf- 
cus fteeL  Experimeots  bv  which  a  £milar  ftcel  nvas  made.  Inferences  which  explain  the  proper- 
tief  of  this  fteeU  EzaminatioQ  of  all  kinds  of  ileel  by  the  application  of  a  weak  acid.  Great 
utSityof  fock  an  examination^ 

VIIL  On  the  Irritability  of  the  Pollen  of  Plants.  With  an  Account  of  a  Com* 
poiition  fbrclofing  wide-mouthed  Veflels  (continued  from  page  313)    p;  471 

Irritation  of  polkn  by  ardent  fpiriL    Wide-mouthed  veflels  clofed  by  fpermaceti  and  caoutchouc 

IX.  Experimental  Refearches  to  afceruin  the  Nature  of  the  Procefs  by  which 
the  Eye  adapts  itfelf  to  produce  diftinft  Vifion  —  _        p,  ^y^ 

imbricated  texture  of  the  fclerotica  in  the  eyes  of  birds,    Obferrations.     Probability  that  fon^e  birds 
aredirefied  in  their  flight  hj  the  re-adion  of  the  air  rather  than  by  Ag^t.     Inftance  of  bats  de- 
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